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THE Fl.TREOUGH WANDERINGS OF A DIRECTOR 
OF AGRICI'LTURE. 

Bv J. ]\rACIvE\NA, M.A,^ i.c.s,, 

DiTfiCAor of Afjricnhnre, Jhivtnn. 

rNTRODrCTOKV. 

Ix S.OOo wlien it was decided tliat a separate Department of 
Agriculture should l)e established in Burma, as in the otlier 
Provinces of India, the Local Government very considerateh^ 
acceded to my proposal tliat f should take a year's furlough to 
make myself familiar witli what was being done in scientihe 
agriculture in Egypt, Great Britain and Germany. In this and 
the following articles I |)ropose to record, in the hope that they 
may interest some readers of the Journal, the impressions formed 
during my Wander jahr. Tliese notes pretend to no great 
scientific accuracy, nor arc they to be considered as scientific 
studies ; they are intended to convey merely an idea of the 
equipment, and of the class of work which is being done at the 
better known research institutions in Great Britain and Germany. 
They are based on notes made at the time of my visit and on the 
various reports whieli were kindly given to me by the officers in 
charge of the ditie rcu it places visited. Tiiese reports are, for the 
most part, available to the general public ; but my rambling notes 
may take their place for those who cannot easily have access to 
the publislied literature. 

In the course of my wanderings, 1 saw many men and many 
places. It is, therefore, a matter of some difficulty to decide on 
i^a starting point for tliese \\'andering notes. The memory of 
Ghizeh, under the shadow of the mighty Pyramids and hard by 
the Sphynx more wondrous and inore awful than all else in 

I 
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the land of Egypt/' tli rusts itself forward as deserving special 
prominence. The magnificeiit laboratories and institutes of 
Leipsic struggle ibr prominent recognition. The modest retreats 
of Kellner at Mockei'n and of Wagner at Darmstadt— worUl- 
famous both — these too stand out in bold relief But when we 
have surveyed all with equal mind and given all their due meed of 
recognition, we feel that we can, with justice to our true feelings 
and without impartiality, fairly find our starting point in our own 
country ; and so it is with Rothamsted that I shall start this 
series of rambles. 


Rothamsted. 

In the village of Harpenden, and some miles north ot 
London, on the Midland Railway, is situated the world-famous 
Rothamsted Experimental Station. As the pious Mahomedan 
turns his thoughts to Mecca, so should the devout student of 
agricultural science, as lie travels fi'oni liondon to Scotland 
(whence most of them hail), turn devoutly to the west as lie speeds 
through Harpenden — for there is the Mecca of English scientific 
agriculture. 

Rothamsted is not a thing of yesterday. It is 74 years since, 
in 1834, Sir John Bennet Lawes entered on occupation of the 
ancestral estate of Rothamsted, which he was to make world- 
famous as the centre of chemico-agrlcultural research. At Eton 
and Oxford he favoured the scientific side, and when he entered 
on his career as an agriculturist on the home farm at Rotliamsted, 
he gave full rein to his natural inclinations and tastes. A 
chemical laboratory, fitted up in one of the best bed-rooms of the 
mansion house, was one of his first innovations; and the results 
of the quiet research here conducted, into the nutrition of plants, 
supplemented by pot and field experiments, were such that, in 
1842, he determined to talie out a patent for “Superphosphate." 
By this act he ranks practically as the pioneer of chemical 
manures. The result of this patent was not only a vast benefit to 
agriculture in general, but the commercial success ot the disco very 
laid the foundations of a great fortune. In 1872 he sold his 
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manure business for tlie large sum of £300,000. Meanwhile, 
side b}' side with the comruercial development, experimeiual 
research had been continuous on the Rothainsted farm, and any 
proved result was at once made available for tlie general body 
of agriculturists. Xot only did his great researches bring him 
o-reat riches but they earned also the gratitude of the farmers, 
whom thej^ specially benefited. In 1853, a testimonial, practic- 
ally national in its extent, was subscribed for, and, at Mr. Lawes’ 
request, the greater portion of it was devoted to the construction 
of a new laboratory. Kothanisted is thus a monument, not 
only to its great workers but to the intelligent and reciprocal 
appreciation of the English farmer. 

Other lionours crowded upon him. The Sovereign showed 
Her appreciation of his work by conferring a Baronetcy upon 
liiin in 1882. France, German\' and Russia vied in doing him 
honour. The Universities of Oxford, Cambridge and Edinburgh 
all conferred upon him honorary degrees. Nearly every Scientific 
Society of any standing, either in England or on the continent, 
acknosviedged in a tangible form Its appreciation. The jubilee 
day of the Rothainsted experiments— July 29th, 1S93— was a 
great day for Sir John Lawes and his famous colleague, Sir Henry 
Gilbert. The woild of science — from members of the Royal 
Family to the smallest fanner— paid tribute to these great bene- 
factors to agriculture. At last, in the 8Gth j^ear of his age, and 
after a life of exceptional strenuousness which only his giant con- 
stitution could have withstood, he was gathered to his fathers. 
He lies buried at Harpenden, in the midst of the scenes of his 
life’s work— leaving behind him a name which will never be for- 
gotten in the annals of scientific agriculture. 

One of the most delightful features of tlie relations of this 
charming personality with the general body of agriculturists was 
tthe reciprocity of feeling. If the agriculturist appi%ciated the 
experimental work being done at Rothainsted, Sir John was not 
irbeliind in reciprocating this good feeling. He was absolutely 
magnanimous in his devotion to the simple toiler in the fields 
and splendid in his liberality. He early conceived the idea of 
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perpetuating the work by putting Rothamsted on a permanent 
ioot-ing. In 1880 he accordingly transferred the experimental 
fields and laboratory to a Committee, together with an endowment 
of £100,000. This strong and representative Committee — four 
nominated b}^ the Royal Society, two by the Royal Agricultural 
Society, one each by the Liimean and Chemical Societies with' 
the owner of Rothamsted, — form the Lawes’ Agricultural Trust, 
who now control the Research Station. 

The name of Sir Joseph Henry Gilbert ranks second only to 
tiiat of Lawes. After a long training in Chemistry in London, 
Glasgow and Gniessen, he became, in 1843, the colleague of Sir John 
Lawes at Rothamsted — a colleague-sliip which was only dissolved 
by'the death of Sir John Lawes in 1900. This long partnership 
was happily referred to by Sir John Lawes at th« Jubilee Celebra- 
tions at Rothamsted. He said, ‘AYhen two people were joined 
together in marriage they could not part, because they were 
bound together by veiy solemn ties. But v.ith regard to 
himself and Dr. Gilbert the case was quite different. Dr, Gilbert 
could have left him or he could have left Dr, Gilbert. ^ Their 
connection, however, had lasted for more than fift}^ years. \Vhat 
was the cause ? Nothing less than mutual love of the work 
they had been engaged in. He (Sir John) had delighted in the 
work from the beginning. All the time he could spare in the 
midst of many other responsibilities and duties be had given to 
the work. But with Dr, Gilbert it had been the work of his 
life. If it had not been for Dr, Gilberts collaboration, their 
investigations would have been in a very dift'ereiit state to what 
they were then.” 

The partnership of these two famous men lasted for the long 
period of 57 years ; nor would it appear to have been marred by 
the slightest friction. Their collaboration was perfect. The 
details of every experiment were worked out together and each 
worker was responsible for his own part of it ; Sir J^^in Lawes 
for the agricultural side ; Sir Joseph Gilbert for the laboratory. 
Hence the excellence of the joint work. Like his distinguished 
colleague, Sir Joseph Gilbert had many academic and other 



i^CKLOUGH WANDERINGS : MACKENNA, 


5 


listiiictions conferred upon hi in. He survived Sir John JjaAves 
)y only IG months, dying at Harpenden on December 23rd, 1901, 

11 his 85th year. ‘‘In death they were not divided.” And so 
nided the greatest scientific combination that the world has, 
Drobably, ever seen. 

The present Director is Mr. A. D. Hall, m.a. (Oxon.), and 
he Chemist, Dr. X. H. J. i\[illcr, who has been connected with 
Rothamsted since 1887, Since my visit the staff has, I under- 
itand, been strengthened by the addition of Dr. E. J. Russell, 
the distinguished Chemist, formerly of AVye, whose work on soils 
is well known. All have already turned out a considerable 
quantity of work which ranks liigli in the estimation of scientiiic 
mem- Mr. Hall has laid all agriculturists under obligation to 
hi 111 by^his lucid account of the work at Rot hams ted as recorded 
in “ The Book of the Rothamsted Experiments.” This should 
be owned and read by eveiy one who ivishes to ac(|uaint himseh 
with the wonderful work accomqilished b}' Lawes and Gilbert. I 
have thought it advisable to give these biographical details 
because no one can think of Rothamsted without calling up the 
memory of Lawes and Gilbert. They were the apostles of 
Eno'lish scientific aoTiculture, and the mention of Rotliamsted 
must ine\'itably suggest their names. 

In studying the Rothamsted field work, it should be noted 
that the object of these long-continued experiments is to discover 
“ how a plant grow-s ” and only indirectly to find tlie most paju'ng 
nictlmd and* manuring. What is aimed at is the discovery of 
genera] principles ; to obtain knowledge that is true everywhere ; 
research in the truest sense of tlie w’ord ; the application being 
adapted in particular cases to the peculiar conditions of tlie soil 
or crop being dealt with. 

Before proceeding to an enumeration ol the keld expieri- 
ments and to the indication of the more interesting results, there 
are one or two general matters which may be touched on, 

III the first place Rotliamsted does not fulfil the usually 
«.^v^pted idea of an experimental farm, /.c., a homogeneous con- 
nected block divided into separate fields. Rothamsted is a 
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composite station consisting of odd fields taken out of the estate 
to suit the conditions required by its illustrious donor. There is 
nothing of the “ ringed fence ” about it. Hard by the central 
Laboratory and other buildings are two fields (Agdell aiid Barn- 
field), which are in the experimental area. These fall to the 
east ol the mansion house of Rothamsted. To the .south-west 
lies a grass park where experiments are also carried out, while 
three ot the principal fields— Broadbalk, Hoos field and Little 
Hoos field, lie slightly to the north-west of the umnsi(m 
house. The experimental area is thus limited to a small 
range of six fields, with a total aiea of about o7 acre.s. 
In choosing his areas for experiments, Sir John Lawes did 
not worry much about the disintegration of the estate 
which resulted when he donated these experimental plots 
to the Trust. But he ejnpliasised clearly the absolute necessity 
lor uniformity of soil, a point which is of the greatest importance 
when one is planning experimental work, and one which should 
not be lost sight of in India, even if, to ubtain it, one must give 
the experimental area a rather patchwoiL appearance. Another 
point which will be of interest to Indian readers is the description 
of the Rothamsted soils. Writing of it in 1847 Lawes said: 
“ The soil upon which my experiments were tried consists of 
rather a heavy loam, resting upon chalk, capable of producing 
good wheat when well manured.'’ Hr. Hall remarks that it is fairly 
uniform in the different fields and consists essentially of a heavy 
loam containing little coarse sand or grit, but a considerable 
amount of fine .sand and silt and a large body of clay. In conse- 
quence the soil has to be worked with care, and if tilled when 
wet it dries into impracticable clods. It “runs together” if 
heavy rain falls after a tilth has been established and then 
dries with a hard . unkindly surface, these difficulties being 
much exaggerated on the plots which have been ^farmed for 
a long time without any supply of organic matter hi the 
manures. 

Mr. Hall might be writing of many parts of India, To 
how many of us are lands suoli as he descriVjes an absolute 
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heart-break ? But it is encouraging to learn that the addition of 
organic manures helps to bring the land into good condition and 
witli farmyard and green manuring we can manage this in most 
parts of In din. 

The ordinary meteorological observations are taken with 
great accuracy at Roth ams ted. I should not mention them here 
were it not that any one who visits Nawabgaiij, near Cawnpore, 
can see a co|)y there of the appliances used at Roth ams ted for 
measuring the amount of water percolating througli bare soil. 
Briefly described, these experiments arc carried out by means of 
drain -gauges,^ with an area of 1 lUOOthi of an acre. The soil is 
undermined at different depths — 40 and 60 inches, and the soil 
thus sectioned off is supported by perforated iron plates. 
Trenches are then cut round these sections of soil and the 
sections arc isolated by brick or cement walls. The external 
soil is p)ut back. The water [ percolates thi'oiigli the sectional 
block into zinc funneis from which it [passes to the measuring 
cylinders. 

The general impression at Cawnpore was that, experiments 
of this kind need haidly be undertaken generally in India ; but 
the Cawnpore series will give an idea of what is done at 
Rothamsted. 

Of the six experimental fields belonging to the Lawes 
Agricultural Trust, some have greater interest than others for 
ail Indian agriculturist. For instance, the rotation experiments 
of the Agdell fields, being based on crops like swedes and 
clover, which are practically unknown in India, give no direct 
results that would appeal to agriculturists out here. But the 
scheme of the experiments may give helpful suggestions. The 
order of the rotation is : — 

1st year : Swedea. 

2iid year : Barley, 

:ir(l year : Clover (or beans) or fallow. 

4tli year : Wheat, 

* An illustraled lieseripli'in (if siieli will be found in the MornoiiN d tbft Urjit . 

Chem. Sv.ries, Vol, 1, No, 4. 
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As regards manuring the scheme Is : — 

1. No manuie. 

2. Mineral inanure only (j'.f , witlioiit nitiOLifeii). 

IL A complete manuie. 

The manures are applied only to the first crop of the rotation 
—the swedes — the remaining crops of the rotation getting the 
residual value of the manures only. These experiments began 
in 1848. 

Without examining all tlie details of this scheme there are 
one or two ui>vious points which suggest themselves as of 
interest. What, in this system of cmi tin nous cropping, will be 
the effect of no manures on the various crops of the rotation, 
and what is tlic effect on the succeeding crops ot the rotation by 
the introduction in the 3rd year of a leguminous crop— clo\'er or 
beaus— instead of a bare fallou' f 

With regard to the first point, the only crop that is not 
seiiousiy affected is the deep-rooted wheat crop. In the 5Gth 
vear, without any manure, it yielded no less than I O'G bushels 
per acre. Swedes, practically surface feeders, do worst of all 
and clover and barley arc sniall crops also. Tn the second 
course, mineral manures without nitrogen — the crops of the 
rotation do just about as well as they do on the immanured plot : 
but the clover — which is leguminous and fixes its own nitrogen 
produces almost as much as on tlie fully manured held, yielding 
in the latter case 37 '8 cwt. of hay as against 3.5-5 ewt. when a 
mineral manure without nitrogen is applied. 

The effect of the leguminous crops is all in fa\'our of clover : 
but the obvious fact is also clearly emphasised that the beneht 
from a leguminous crop on a siib.setjueut crop depends greatly on 
the vitality and (juality of the leguminous crop. (.)u tlie im* 
manured plots where the clover crop averages only I 5 '2 cwt., there 
is a loss in wheat in compari.son with a crop following bare fallow 
of 16-7 per cent. This is doubtles.s because on the uiimanured 
plot the growth of clover is too small tn leave behind any I’esidue 
of nitrogen. It is also noted that afeer a good cro[) of clover the 
beneficial ^^^ftect is obviou.s throughout the whole rotation. 
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On the contrary, the introduction of beaus into the rotation 
seems to confer no benetit at all. In every case, wheat following 
beans shows a percentage of decrease in C()ni[)arison with the 
outturn after a bare fallow. This is probably due to the habit 
of the bran crop, though it also indicates that tlio ([uestiou of the 
exact effect of the different Icgunies on soils is still an undecided 
one. 

From Agdell we pass into Barn held, but the crop hci'e is 
Maig >'el ^Vurzel — a crop tliat docs not interest India much, though 
a great fodder staple in the south of England. So we may pass 
the elaborate maiiurial experiments on this crop and move' (Ui to 
the Park, close to the mansion house of Botha ms ted. a ])lock of 
some seven acres which contains probably the most remarkabk' 
.series of experiments on grass in Ureat Britain. 

The series of experiments started in 1856, but the Park lias 
been under grass from time im memorial. There is no record ol 
any seed luiving ever been sown : but when the experiments 
commenced, the herbage was tairly uuitorm. 

The Park lias been divided into 20 sections, to which an 
elaborate system of manuring has been applied. Tlie produce ol 
these plots is separately weighed whenever it is cut torliay — 
usually twice a year— and a botanical aiialysi.s is also made to 
ascertain tlie effects of the different manures on the composition 
of the herbage. 

The results may bc' summarised brledy as follows : - 

On the uumanured plots there is no sign of e.xhaustion as 
detormined by the yield, but a rankness of the lierbage is ap^ 
parent. The proportion of weeds increases every year and now 
amount j to almost half the herbage, (juakiug grass is about -0 
per cent, of the herbage and JSheep's Fescue, Bird’s hoot 
Trefoil, Burnet Hawk Bit and Black Knapw’eed, are very 
'corn nn on. 

When nitrogenou.s mmiures alone are used, it has been found 
that nitrate of soda is the best manure to use as it encourages 
the growth of deep-rooted grasses, like Meadow Foxtail, etc. 
Ammonium salts, used alone, were found to cause sourness in the 
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land while nitrate of soda produced a more varied herbage than 
ainiiionium salts, 

111 the ease of mineral manures used alone, ivheii a complete 
mineral inanure was applied, plots showed no signs of declining 
fertility. Nitrogen seemed to be supplied by the leguminous 
weeds which formed 24 percent, of the herbage. The predomin- 
ant legume was Latlujrus pvavends, red and wliitc clover were 
also present together with a large number of grasses and, amongst 
the weeds, Yarrow and Sorrel are abundant. 

When potash is omitted, the plots show poor results and 
there is a great poverty of leguminous herbage— there being only 
about half as much as on the plot getting a complete mineral 
manure. The characteristic legume under this treatment is 
Bird’s Foot Trefoil and the cliaracteristle weeds are the Butter 
Cup, Black Kna];weed Plantain and Yarrow. 

When superphosphate alone is applied, the result is a very 
impoverished appearance and an outturn little mure than that 
from unmaniired plots. Quaking gras.s prcdomiiuites and, amongst 
the weeds, Hawk Bit Burnet and Plantain. The presence of 
these weeds and inferior grasses seems to indicate that these plot.s 
are more exhausted than the unman ured ones. The results show 
the disastrous effects of long-continued one-sided manuring. 

The final group is the application ot complete manures — 
minerals plus nitrogen. In the applicaticii ol these, the <^iian ti- 
tles of the mineral manures and their relative ratios remain the 
same on all plots, but the quantities of nitrogen vary from plot to 
plot. 

The heaviest yield of all the plots was obtained from a 
complete mineral manure, containing both phosphoric acid and 
potash, pi Its 129 lbs. of ammonium salts to the acre. But, while 
greatest in quantlt}^ excessive nse of nitrogenous manures on 
this plot causes the herbage to become very coarse ; consisting as 
it did, of Coarse Meadow Foxtail, Yorkshire Fog and Tall Oat 
Grass. The soil of this plot has also become sour and unhealthy, 
and leguminous herbage has been killed out. The results seem 
to prove tha t nitrate of soda in Ci>inbination wii,h minerals acts 
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better than ammonium sulphate. They also show that mineral 
manuring always increases the leguminous herbage The best 
result of all the plots is probably obtained froi]i a plot wliich 
receives a complete mineral manure, plus nitrate of soda 4;l lbs. of 
nitrogen per acre. This cpiantity probably marks the limit of 
profitable manuring with nitrate of soda. 

It may safely be said, without fear of contra diction, that 
the Broadbalk field on which the wheat experiments are carried 
out is the most faim'fus expjerimental plot in the world. Here, 
since 1843, experiments on the continuous growth of wheat liave 
been carried out, and, since 18o2 the scheme of manurial treat- 
ment has been constant. But iu this >series, the particular plot 
that stands out conspicuously is the unmanured plot which, laid 
down in 1843, and having been previously unmanured for four 
years — now in its 70Lh year of continuous wheat cultivation— has 
^'iven for the last four vears an averao'e outturn of some to 

13 bushels per acre, which is the average output of tlie v heat 
area of the world. There have been fiuctiiations, c.g., in 1906 
the plot yielded at the rate of 18 bushels pei‘ acre ; but tliese 
fluctuations have always been attributable to the condition of 
the seasons. So far as can be judged, tlioi c is no indication of 
a likely decrease in outturn, and the I'eason for tliis u|)pareiitly 
constant return is a question, which, while of extreme scientific 
interest, has not yet been satisfactuiii}’ explained, 

The other plots are treated with farmyard manure, minerals, 
single, double and treble ammonium salts, plus minerals, single 
nitrate and mineral, rape cake and so on. To dl.-^cuss the results 
in detail would be outside the province of this article .so that 
onl}^ a brief outline will be given. In the plot vliicli I’eceived 
farmyard iiianure calculated to supply, on an average, 200 Ihs. 
of nitrogen, 78 lbs. of phosphoric acid, and 235 Ib?^. of potash, a 
rapid rise iu fertility was noticeable for the first years, due to 
the original exliaustion of the land. This wa.s followed by a 
decline during the decade, 1872-81, but since then the vield of 
grain has again rapidly risen. Of tlie reserves left on the plot, 
it luis liecn cn,](»u]at,Bd frotii otlier expei’imoiits at TIothamstrd 
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that, even in fifty years, it will be impossible to crop them out. 
In the plots which received artificial manures which supply 
nitrogen, potash and phosphoric acid without the addition of 
any organic matter to form humus, the plot which received 
double ammoiuuin salts and minerals (tame voiy near in yield to 
the farmyard manure plot and as yet shows no decline in fertilky. 
In the plot which received single ammonium salts and minerals 
the supply of nitrogen proved insufficient and a decline of fertility 
is evident fora time, although, as in the case of the unnianured 
plot, a fairly constant yield tor subsec^uent years has been got. 
In the plot which received nitrogen only in the .shape of an 
annual dressing of 400 lbs. of amnionluni salts tlie crop yields 
were well maintained, but the crops present an unhealthy 
appearance, wei'e slow to mature, and liable to rust. 

The important conclusion to be drawn from tlie experiments 
is that wheat, with judicious manuring, although grown year 
after year in the same land, can be made to produce as paying 
crops as when grown in rotation in llie (jrdiiiaiy way. 

One of the most interesting results of tliese continuous wheat 
experiments is the determination of the fate of the principal 
manurial constituents. Of about 10,000 lbs. of nitrogen supplied 
as dung during the whole period only abeiit 2,000 lbs. have been 
recovered in the crop (about 20%) and of the remainder, after 
analvsis of the soil, 5,070 lbs. cannot be aecoinited for. It has 
pi’obably been ^\'ashed away as nitrate into the drains or eoiu 
veiled into free nitrogen gas by bacterial action. In connection 
with phosphoric acid and potash it is iutei'csting to note that 
Dr. Dyers analysis shows that of tlie surplus one ouglit tn 
expect, after deduction of the amounts taken off by tlie crops, 
the grcatei” part of tins excess was found in the top 0 inches 
(if the soil, and in a form readily available ft>r plant food. These 
results have been of far-reaching importance as contribution 
towards general agricultural theory. 

Ill the Hogs field we have a number of experiments. The 
principal series is that on the continuous growth of barley. This 
crop is only of Importance in fhe nortli of India, .so fliai it is 
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ilufc iiiipurtant to (^ive a detailed account of the various results. 
But it may be remarked that, so far as i^ross outturn is eoneerned, 
Ihc best results v'ould appear to Ix^ ()l)taiiicd from Farmyarfl 
inaimr(^ at the rate of 14 tons to the aei'e. Besults also show 
that the decliiie in production on land continuously cultivated 
with barley and without any nianure is much more ra]h<l Ilian 
in the case of continuous wlieat. 

Tir tfii.s held an attempt has also been made to orow 
It^guminous crops continuoush^ since 1848, Despite various 
schemes of niaiiuriijg, the crops as a rule have been very small, 
and ill some cases lun e failed completely. In i8!)S a portion 
of these pl{)ts#was ploughed up and 5 crops of wheat taken ofi 
without manure to test the amount of nitrogen accumulated 
by the leguminous or ops and ’left in the soil Ahirious experi- 
ments of a similar kind' with leguminous crops are still being 
carried on in this heldj a lialt in the old series having been 
called in IDOo, by fallowing to cleai’ the land and the new series 
originating with 1904. 

In this field there is also an intei’esting series of experi- 
ments on the residual value of manures. For 20 years potatoes 
were grow n on various plots with different manures. It mav 
incidentally be remarked that, from the outturns, Eothamsted 
compares badly, as potato land, with the west coast of Ayrshire 
or the Lothians, 5 tons per acre being apparently tlie best it can 
do under any form of maifuring. In 1902 no inanure ^vas 
ap pi i ed and 1 >a r ley w as so w' n in that y e a r a i ul \n 1903, and El a ek 
Tartarian Oats in 1904. The experiment show*s that the resid.ue 
is very rapidD exliausted ; for instance, when farmyard manure 
at the rate of 14 tons per acre had been applied to the potato 
crop from 1883 to 1901 wdth a previous manuring of superplios- 
phate from 1876 to 1883, tlie average produce of total tubers 
,per acre during that period (1876 to 1901 inclusive) was 4*8 tons. 
In 1902, when a hflrley ci'op w^as taken wuthout aii}^ manure, 
the yield w'as 71 bushels of dressed grain and 5,216 lbs. of straw’, 
and wdien this was follow’ed by a second barley crop wdtiiout 
manure in 1903, the yield declined to 46*9 bushels of dressed 
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grain and ;3,474 IKs. of straw. A subse(]uent crop of oats in 1904, 
again without niauure, yielded 55 '5 bushels of grain and ;],0G0 lbs. 
ot straw. Ill 1906 barley had fallen to dG bushels per acre. The 
rapid decline in barley is striking, but the series of experiments 
liardly as yet admits of accurate deductions. 

At Rotiiamsted, as at most e.xperi mental stations, trials liave 
been made with the various media for inoculatinof leo^uininous 
crops. The crops subjected to the various processes are red clover 
and the cow-pea ( Viyna catiany), and the method of the experi- 
ment is a.s follows : In one plot the soil is inoculated with Hiltner's 
preparation ; in the second ]\ loo re’s prepai'ation is applied. The 
third plot contains soil from a field whicli had carried red clover in 
1904, and the fourth plot is left uninoeulated. Xo dehnite 
conclusions had been reached wlieii I vi.siteJ Rothai listed, but the 
mean of the first two crops indicates tlie slight superiority of 
Hlltner’s preparation over the other inoculations, while all show 
an advantage over the un inoculated plot. 

Another interesting series of experiments in this field is the 
effect of bare fiillow on wheat, a comparison being instituted with 
the continuous uninatured wheat plot in the Broadbalk field. In 
this way it is possible to deduce the value of tlie bare fallow 
which over a period of 56 yeai’s h:is been very marked in favour 
of wheat after fallow. 

The last experimental plot on tlie estate is the Little IIoos 
field and, iii many ways, it is not the least interesting of the 
series. The principle underlying tlie experiments in this field is 
the testing of the residual value of certain typical manures, Le., 
the value of the residues left in the soil after one or more crops 
have been grown since the time of their application. To 
eliminate the effect of season, the result yielded by the residue is, 
in all cases, compared with that of a new application of the same 
manure, as ‘well as with a continuously unmanured check plot. 
The experiment is on a four years’ rotation of swedes, barley, 
mangels and oats and the residual value of the manures is tested 
thus up to the fourth year after application. In many respects, 
til is is one of the most interesting series of experiments at 
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Rothaiiisted and has an economic bearing on tlie valuation of 
improvements to land when arbitration questions arise. 

The impression whicli must be left on the mind after a 
consideration of the work that is being done at Rothamsted is the 
largeness of conception, wliich framed these lines of investigation. 
“Continuity” is the keynote of the work at Rothamsted. Tt 
was illustrated in the long association of Lawes and Gilbert : it is 
the principle running through all tlie experiments. There was 
sometliing grand in the conception of the lines of work ; a confi- 
dence that defied the limitations of nature and tliat was inspired 
with an intuitional assurance that lines of research were being 
urlginated which otlier workers would continue and postei’ity 
would not willingh" let die. Their outlook was large ; they worked 
not for the present that was with them but for the future that 
was to be. The result has been a series of experiments winch is 
quite unique in tlie history of scientific agriculture aiid which 
might well by this time adopt tlio mantle of hoary -headed age. 
But it is a robust and vigorous old age. There are no traces of 
senile decay, 


(To he cotitinv.ed. ) 



EXPERBrENTAL WORK OX FTRRES IN INDIA 


Bv R. S. HMNLOW, r.sp., k.(\s., 

Fibre E,epert fo fh^ (rovernmeid of Eastern P>e,uj(d and Assam. 

The \V(M’k of tho pai^t vear under tlii.s lu^ading inoludes : — 

Li!R- of work in ('^0 'Tute experiments earried out by the 

Ayri(adtui“al nepartnients of Bengal and East- 
ern Bengal and Assam, with the object of improving the crop; 
both as regards tlie yield and quality of fibre. 

(/>) Experimental trials in other Provinces of India in pursu- 
ance of the sclieine to extend the cultivation of jute outside 
Bengal and Assam, 

(0) An investigation into tlie deterioration of baled jute by 
the Fibre Expert to the Government of Eastern J^engal and 
Assam in collaboration with Messrs, (b'oss and Be van, of 
t^ondon. 

[d] Continuation of experimental work with flax and otbei' 
fibres. 

(e) The report of a Sub-Committee of the Board of Agri- ' 
culture on the cultivation of fibre jdants in India and the prob- 
able effect of extending such cultivation. 

The jute experiments conducted by the Bengal Agricultiu'al 

aenxai. Experiments department at the BurdwaiiEarin since 1904 
withjnte. Eurdwao. j-^g^r^iYled MS ha \‘ing definitely proved. 

for the Burdwaji District, tliat 

(1 ) Farmyard manure (70 mannds) or castor cake ill maiunls) 
per acre are the best and most (economical manures. 

(2) The crop should be sown about the third week iii April 
on a thoroughly })repared seed bed. 

(r>) The plants should be thinned out to 4 inches apart, 
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(4) The yield of Hhie ii)(!i‘eases witli tlie age of tlie crop : 
but* the stage at wliich the lieaviest yield of til>re of the best 
quality is obtained is when the fruits ]ia\'e fully set. 

(a) Any Olio of ten races of* jute recoin in ended may be grown. 
A series of quantitative experiments have been carried out, 
sliowing the profitable nature of a rotation of jute and paddy or 
of jute and potatoes (the latter crop irrigated). 

The results of experiments at (Ait tack have proved tliat 
jute grows wtdl in parts of the Orissa Division, 

Cnttnok, . 

in 1 ‘otatio)) with paddy or ]>otatoes if proper 
attention is paid to the nianui‘ing of the crop. 

In collahoration w itli the Keporter on Economic Products to 
, the flovernment of India, an extensive study 

Kxpcriinent'^ by the . , ^ 

Bonf-'ai Dopaia- is lieiiig made of the races of jute in Bengal 
and Eastern Bengal. A tentative account of 
the conclusions so far arf'ived at i.s contained in Agricultural 
Ijcdger Xo. rif P)07. So far it has been fouiirl possible to 
reduce the iiumlier of so-called I’aces of ( '. caps^tlftns ti'oni over 
one hundred to tliirty- three, and of this residue there are many 
which are only being kept apart pending further observation. 
The tendency is, in tiict. for the races to elassif}’ themselves 
under four main heads. — 

Red .stenitued laco^ wldch mature early. 

Do, do late. 

Oreen ,<teniiimd do. early, 

Do. (](i. late. 

A partial < lien ileal and inltaYj.scopical examination of the 
respective libres of the various races shows 

L lu oiical and mjerii?.' » . . . . 

co|>ic.d exr.tiiinaMoii of great siiiiilaritv in their composition and struc- 

ihe fibre.'. *■ , t -i t 

tiiro, thus supporting the field observations. 
There is, nevertheless no doubt that the distinction.s,as recrards 

o 

"quality — largely geograpliical — recognised in the jute tract.s are 
genuine and, in view of this, a series of experiments has been 
^ tie vised to ascertain the effect of soil, climate 

Kffecf ol soil, climate ^ ^ ’ 

and retting water on and esiieciallv of the retting water on the 

• jualifcy of fibre. 

quality of fibre produced, 


2 
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Asa result of prelim inary selection, one or two races are now 
Cross-breeding ex- regarded as pure, and cross-fertilisation experi- 
penments, ineiits have been commenced this season (1908). 

It remains for time to show whether any great improvement will 
be brought about by this means. In view of the comparatively 
slight differences which exist between the various races, it is hardly 
to l>c expected that such advantages will accrue in the case of 
jute as have been brought about by cros.s- fertilisation work with 
other crops. The experiments will, however, in any case, render 
clear many points which are now obscure. 

With the object of inducing the in the Chittagong 

Distilct to grow jute as a field crop lor export, 

Deinon>ti'ationof jute . ' ^ ^ 

cult i vat inn in ciiitta- instead 01 ou a garden scale tor iiome use, a 
special grant of money was made by the Govern- 
ment of Eastern Bengal and Assam fora series of demonstrations 
in three typical tracts. Tlie demonstrations wliich have been 
carried out hy cultivators from Dacca and, as far as possible, 
without direct departmental interference are, in one sense, an 
experiment to ascertain whether proved results can be lirought 
to the ryot's notice in an informal way through the agency of 
men of Ids own class. 

Experiments with the object of introducing 
jute cultivation continue to be made in — 


.lute expcrimc^nis in 
other Trovinees. 


(a) The Boiabay Presidency, 

(/p Tlie Central Province*!, 

(c) The Madras Presidency, and 
(tl) The Punjab. 

At Ganeshkhind, near Poona, progress was made last season 
(1907), in til at one plot yielded a profit for the 
first time, after deducting all expenses. This 
year’s crop (1908) is still more hopeful, especially as experience in^ 
dealing with it is enabling cultivation expenses to be reduced. 

Trials in 1907 at Nag})ur and Raipur under irrigation were 
successful. Tlie yield at Nagpur was at th(^ 
Central Province,,. pate of 1 8^ uids. per acre and the fibre was 

valued at Rs. G per md., representing a gross return of Rs. 112 
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per acre. Jute was sown on two demonstration fai-nis this year : 
but the crops have been adversely aHected by the unfavourable 
weather in the early part of the season. Xevertheless, a very 
fine crop has been grown at Telinkheri near Nagpur, the yield of 
which is estimated at ovei* 20 mds. per acre. It is now recognised 
by the Central Provinces Agricultural Department that jute i.s 
capable of becoming a useful rotation crop in the Provinces, and 
steps are being taken to bring facts connected with successful 
cultivation to the notice of the ryot. 

Trials are being continued this year (1908) in the Godaveri 
and Cauveri Deltas and on the Malabar Coast. 
At Tanjore in the Cauveri Delta, the plots are 
not so o'ood as on the Malabar Coast where the climate is not 

o 

unlike that of Bengal and where one crop grew 9 feet high in two 
months. Seed for over 20 acres was sent for ex pei*i mental 
cultivation to Madras this season, and tlie Agricultural Depart- 
ment is making an attempt to create a local market for the fibre 
produced. 

Owing to a severe attack of caterpillars, the plots at Lvallpur 
tills year are not tlie success they were in 1907 
when an average yield of 11 mds. of fibre pei* 
acre was obtained, the return from some of the plots being much 
higlier. The cultivators in the Chenab Colony are very enter- 
prising, but their wheat and oilseed crops which they grow ehiefiy 
for export are very profitable in average years, and it is doubtful 
whether Jute cultivation will be taken up seriously in the Colony 
or any part of the Punjab, In the event of an extension of sucli 
cultivation, special tanks filled with water from the canal system 
would be MCcessaiT for rotting. Tliese tanks could clieajily 
constructed, but for general cultivation and for preparation for 
market the cost of labour would be excessive as conipared with 
'other parts of India. 

At present Jute is only grown by the jails wliere the fibre is 
made up into bags and rough mats ; but 

nnrnm ^ ® . .. 

experiments are in progress m some districts 
where it is anticipated tlie crop may thrive. The lack of sufti- 
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Distribution of soe*!. 


cleat labour is likely to be a serious difficulty in the way of 
development. 

The Agricultural Departments of Bengal and Eastern 
Bengal are botli engaged in the production 
and distribution of good jute seed of guaranteed 

quality. 

Alter baling, some jute undergoes^ sometitnes in the course 
The tieteriorntion of ^ Ibw weeks, a deterioration known ns 
b.iUd jute. heart damage/' whereby the whole nature of 

the fibre is changed. The chief characteristic of the deterioration 
is an entire loss of tensile strengtli, the fibre becoming so brittle 
as to be capable of being rubbed into a fine powder. Three per 
cent, of the imports into Dundee in 1906 are said to have been 
rejected on account of “heart damage.” The Agricultural 
Department in Eastern Bengal and Assam arranged to collaborate 
with Messrs. Cross and Be van, of London, wlio afterwards 
obtained a grant of money from the Secretary of State for India, 
in an investigation into the causes and possible means of 
prevention of the deterioration. Messrs. Cross and Be van have 
presented a report to the India Office, based on the results of 
their examination of a number of bales of jute, specially treated 
in India, by the Eastern Bengal Department before export to 
London. The jute in all the bales was watered and the contents 
of some bales were treated with antiseptics, but in no case was 
there, on arrival, any sign of “ heart damage.” The presence of 
nearly 30 per cent, of water in the baled fibre, wbicli was of first 
class quality, did not cause evident damage to the bales which 
were sent as an experiment. Bacteriological examination of the 
contents of the bales showed that the fibre treated with antiseptics 
(formalin and corrosive sublimate) was nearly sterile on arrival, 
and Messrs. Cross and Bevan draw the conclusion that the 
presence of formalin would prevent the occurrence of “ heart 
damage.” Although this conjecture may possibly be correct, it 
still remains to be proved ; it is hardly a justifiable deduction, 
from the evidence available. Meanwhile, in experiments atPusa, 

‘‘ heait damage” has been produced under well-defined conditions, 
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and it is hoped that definite results will be obtained in the near 
future fro in the work in India. 

Experiments witli this nrop in Eehar have made considerable 
]3roi>‘ress. Durino- the cold weather of 1907, 

Flax in Debar. ^ ^ ® 

a large area (over 100 acres) was grown at 
J)ooriah under tlie supervision of Mr. Yanderkerkhove, a prac- 
tical Flax Farmer from Belgium, engaged by the Government of 
Bengal. Mr. Yanderkerkhove also gave advice on the experi- 
mental cultivation of this ci’op at Pusa. The results obtained 
are very satisfactory, the straw produced being far better, both 
in quantity and quality, than in the pi'evlous year. The experi- 
ments indicate that in an ordinaiy season in Behar, flax is likely 
to yield a handsome profit, which is estimated at Rs. 74 per acre. 
^Ir. Yanderkerkhove lias issued a report, an exhaustive summary 
of whicli, by the Inspector-General of Agriculture, appeared in 
the AgricidOmd Joarrud of India, Yol. Ill, Part 2, April 1907. 
^Ir. YanderkeiFliove lias been engaged for a further term of 
five years in order tlmt lie may assist in the thorough work- 
ing out of (| Lies t ions germane to the new industry, such as 
the comparison of indigenous and exotic varieties of flax, 
the selection of proper lands, manures, rotations and retting 
methods. 


Experimental cultivation of flax last season (1907) at Dacca 
in Kasteui lien- CachrU' produced siifH('iently good re.sults 

1 ati'i A>saiii. wai rant cxtende(.l trials, wliicli wei'e ar- 


ranged for tliis; V(^ar ni Assam. (Otlier conditions liciiig c<[ual, the 
absence of lime in the retting water \v<»iild probably enable Assam 
to produce a liiglnn- grades of filire tlian Behar. An iilusti'ated 
Bulletin, dealing specially with tlie pros|)ecls of flax in Eastern 
Jiengal and Assam, is about to be issued. 

Arrangements liavo also been made for experiments with 
• Bombay and Kashmir, flax this season in Bombay and in Kashmir, 

A general investigatior. of Indian fibre-yielding plants has 
been commenced, and is being carried out not 
other tibre pinntj. regard to the intrinsic value of 

the fibre of each, but Avitli reference also to the agricultural 
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possibilities of those plants which are usually cultivated or which 
grow naturally in forests or on waste or other places. 


Report of the Sub-Committee of the Board of Agriculture. 

This Committee arrived at the foIJowino* conclnsioirs 

O 

((f) That a large and })rotitable extension of jute cultivation 
is possible and probable in Assam, and that owing to the fact that 
the cultivation of jute does not prevent the raising of paddy or 
rabi food crop in the same year, such an extension would not 
menace the food-supply of the cultivators. 

• (b) That experimental trials have justified the belief that 

jute may be profitably cultivated in parts of the Central Provinces, 
Bombay and Madras. 

(e) That difficulties regarding retting water in the Punjab 
and labour in Burma will probabl}^ militate against successful 
jute cultivation in these Provinces. 

(d) That a considerable and advantageous extension of Sann- 
hcmp cultivation might take place in the Central Provinces and 
in Madras, and that the growing of Hibiscus canfiabums (a jute 
substitute) might be encouraged in tracts whose climatic condi- 
tions are not suitable for jute. 

(c) That extensive trials have proved the possibility of a 
successful fiax indust ly in Behar and that the prospects of extend- 
ing the cultivation of this fibre crop to other tracts should be 
investigated. 

(f) That a considerable increase of Agave cultivation l)y 
capitalists is po.ssible in Assam ; but that the chances of its 
success in drier climates still remain to be proved. 

{g ) Rhea has failed in Behar, which is too dry, and its 
successful cultivation is likely to be limited to a conijjaratively 
narrow zone, where both climate and soil are particularly suitable! 
Neither agave nor rhea are likely to be taken up on a large 
scale by cultivators in the near future. 

(h) Bearing in mind the importance of not allowing non-foou 
crops t6 encroach on the area necessary for the food sup})ly, fibre 



KXPERIilKNTAL WOliK ON EIBHE8: FINLOW*. 


23 


crops whieli only occupy the laud for one season are generally 
to be preferred to those of a perennial nature. 

(i) That no such diininution of prices is likely as would 
render the cultivation of h'bi’c crops unprofitable. 



SOME IXOIKECT BENEFITS OF IRKIGATION 
NOT GENERALLY RECOGNIZED. 


By henry marsh, c.i.e,, m ixst.c.k., 

Co)isu}liug EngifL^er^ Prolectitr Irrigation IToFiv, Central India. 


Maw people think that Irrigatuni from canals, wells, and 
tanks is only of use as a pi'otectiN u agent in tracts of precarious 
or slight rainfall. The}* know, of (‘oursiL tliat millions of acres 
have been reclaimed from desert by the harnessing of riveis in 
the Punjab, in Sindh, and in Kgyi)t. But they are probably not 
aware of the many indirect beiiehts whicli aeciaie to ihe iStale and 
agi*icu]ture from the })resence of unfailing irrigation even when 
tlic rainfall is fair to good. In tliis article it is pro[)osed to deal 
with the advantages whicli are thus derived, and though not patent 
to the public, ai’e well known to levenue otHcers in Tpper linlia. 

2. Before uoiim' into details, it is well to summarise these 
uuconsidered assets as follows : — 

(o) Power of substituting immediate sowings in case <>f 
destruction to advaiiced crops, or harvests. 

(/>) Diversity of cropping, he., insurance against losses. 

(c) Maintenance of (‘ultivation, and demand for labour 
throughout the sensoii. 

((/) Presence of fodder, [)astni’age, ninl wat(‘r Ibi* cattle. 

(e) Improved sanitary conditions. 

(/) General increase of comfort, well-being, and decrease 
of crime. 


3. The last two decades have afforded many melanchoty ' 


Power o£ substituting 
new sowings in case of 
accidents to advancfjd 
crops or harvests. 


opportunities of observing injuries to crops, 
which were giving splendid promise of bumper 
harvests. In 1904-05 the autumn sowings 


had been unusually extensive, ami tlie winter rains had benefited 
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them to sucli an extent tluit [)EospGets were e\oe])tionally g'ood 
However, three or Ibur days of extraordinary frost in tlie 
beginning of February 1905 eo]n[)letely elianged these happy 
eoutUtlous, All advanced ceo[js were utterly j'uined, and where 
the peasants had no irrigation to water tlie fields, tlieir pliglit was 
very serious. They siinpl}^ had nothing to look fui’w aixl to, until 
the following monsoon would enable tlieni to sow kharil’ grains. 
In Eundelkund the rain did nut come at all, and thus inlsfortune 
followed inisfoi'tune. The case was, howe\er, \ erv dilfereiU with 
the irrigating tenants. The ruined wheat lields were (juickly 
ploughed into the soil, and sown with “zaid cro[)s, “cliehna" 
//oVo/fvou/y), vegetaldes, melons, etc. The culti\'ation of 
“chehna" proved to be a very sound entei‘[n‘ise. as it ripened in 
two months, and p)rudnced fi\e or six iiiaimds of grain to the acre. 
Other tenants got the land leady foi’ sugar, if they had the 
necessary manure. Othei's |)re[)ared ir lor AjU'il sowings of 
maize, juar, cotton, and hot weatlier I'U'C. Haize sijwn at this 
[Kwiod produced colas in pJnly, and hUched ready money in the 
local markets. Earlv cotton [ilants were well advanct-d. when 
tlie monsoon arri\ ed. and were tliei'eforc nor liahle to injni-y IVom 
Hooding, This form of enlti\ation is largely I'eplacing tin* indigo 
of the Jumna and Gange.s Canals, and n (]nii'es every encourage- 
ment. It enriches tlie land and produces a better class of Hbi'c. 
IrrigCvtion was also the cause of other bcnetits in this phenomenal 
frost calamity ol' Febi iiary i 90.1. Fields that had i-ecTMitly taken 
water escaped almost entirely. T was Chief Engineer of Irriga- 
tion at the time in the Fiiited Fi‘o\ inces, and remember well 
having to run tlie Canals, although tht' exc'-utive staH’ wished to 
have them closed for urgent rejiairs. Tlie water tlius gi\en had 
a mo.si beneficial effect in resuscitating crops that wei’c seemingly 
killed by the excessively low' temperature. After a short period 
•of, so to speak, hibernation, they recovered, and gave very fair 
returns. In Muzafikrriagar and Saharan pore, where f'rost is a 
common occurrence, the cultivators arc constantly on the look- 
out for it in the wlnte^’ months, and freely irrigate the young 
crops to [>revent mi-schlet’. They attribute the protection t(; the 
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thicker mid stronger growtli of the irrigated plant. This idea is 
similar to that held by cultivators of uiiirrigated soils. They 
rejoice exceedingly when propitious rains arrive before the frosty 
season. Experience proves that the \'Oung rabl is much streng- 
thened by tlie dain[), and tluis able to resist subsequent low 
temperatures, So far I have only dealt with the case of the 
calamitous frost in 1905, and luive shown that the irri^'atinu' 
tenant was in a position to retrieve his losses by fresh sowings. 
But the same reasoning applies to other agricultural dis- 
^ asters. Hardly a year passes, in which the Gazettes do not record 
the devastating ejects in some parts of the country from locusts, 
hail or rust. In the report on the famine of 1 895-9()-9r; it is 
recorded that the drought of these years merely completed the 
agricultural ruin, caused by the excessive winter rains in I SUN- 
OS' 94 In the last-named seasons immense sheets (jf spring 
crops were destroyed by blight. Low lying lands were too wet for 
cultivation, Even where the wheat and barley had ripened, and 
had been cut, the unseasonalde rain and storms damaged the 
grain on the threshing floors. Independent of these well-known 
calamities, cultivators of tracts near forests or jungles frequently 
find their fields eaten up in one night by a herd of Nilgai or 
Beer. Here, again, the ease of the owners is black indeed, if they 
have no means of resowing crops, until the following monsoon. I 
have reeounted all these calamities, to show how many trials beset 
a cultivator, and how speculative arc his chances of harvest 
profits, unless he has the means of renewing his sowings witliout 
delay. 

4. All wise agriculturists agree in tlie advantage of culti- 
vating a variety of crops, be., ‘‘in not carrying 

Insuring advantages ' ^ i i '7 rn ^ ^ 

of irrigation diver- nU the cggs 111 ouc basket.' i lie Indian 

peasant follows out this idea in a I’ough way, 
by sowing various mixtures, which is not always the best form of 
insurance, as it depreciates the market price of his grain. Thus, 
rice and kodo. gram and wheat, peas and barley are cultivated 
at the same time, and in the same field. There are many 
other combinations, but the main idea is, that diy weather will 
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suit one plant, and a rainy season the second : hence some mea- 
sure of success may be expected. Where irrigatiun exists, the 
position of the cultivator is much sounder. Continuous and 
heavy rain, which is disastrous to cotton, millets, and cold weather 
cereals is advantaijeous to sim'arcane and rice. Without irri- 
gation these valuable crops are rarely attempted, except in low- 
lying lands. This form of insurance is very sound, and is proved 
by the fact, that remissions are almost unknown, ^\dlerc sugar-cane 
and rice arc cultivated and irrigated. They Houri.sh mostly in 
damp, cool climates, but require water to mature tlieni. Cuiitraiy 
to general opinion, it is in these climates that Irrigation Projects 
pay best. Proof may be given, by quoting the following extract 
from page 87 of the Sarda Canal Project of 1 !t)t. 

“Hence the annual value of a cusec is much higher in tlie 
moist doabs of the Eastei'ii Jumna Canal than in that of the 
drier and hotter country, watered by the Lower Ganges Canal. 
For the last fi\T years they stand thus : 


Value of Cusecs 



Eiiatei'ii J uniiui 

Ciiiial. Lower ( 


Ks. 

Ka. 

1808-91) 

M72 

571 

1809-UO 

1.215 

704 

1000-01 

... 1.020 

... 558 

1001-02 

1.187 

(;:iH 

1002-03 

1,232 

705 

also 11 r. 

ged that the revenue 

will not develo]) as r 


as is anticipated on account of the slow progress ot the Agra 
Cana). Here, again, it may be pointed out that the great dryness 
of the country watered by the latter work has been a bar to the 
cultivation of first class crops.’' 

5. The.se results of irrigation are very important, and are 
Mainteiian(v of <‘,ii understood bv Collectors who have held 

cl large of protected and unprotected districts. 
In the former, they know that agricultural 
operations never cease throughout the year : the labourers never 
have a slack time and are continually ploughing, sowing, weeding, 
Crime is greatly reduced, and In seasons 


Ovation, atiii 
for labour tl 
the season. 


tltniand 

■'■.jyliout 


reaping, or threshing. 
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of drouglit, the demand for labour is all the greater. Examining 
the o])erations of the year, we find that in January and February, 
the ground is being prepared for sugar sowings, whilst the 
matured cane is being harvested, and the juice expressed. The 
rabi crop requires great attention. Weeding, watering, fencing, 
and keeping off marauding animals occupy a number of hands. 
Harvesting of the rape or mustard is carried out in February ; 
picking the plants and expressing the oil absorb a good deal of 
labour. In Marcli and April the cutting, carrying, and thresh- 
ing of the rabi is in full swing, and labourers are at a premium. 
^Fuch difficulty is experienced in finding hands to hoe, and tend 
voum'' siio'ar. ^loroovcr, th(‘ fallow land has to be irrigated for 
maize, cotton, juar, or hot w eatlier rice. In May the threshing 
out is still otteu Incomplete, and tlie young irrigated crops 
require mucli attention. In June, July, August and Septembei*, 
if the monsoon is good, ploughing, sowing, ami weeding occupy 
many people : early crops of maize and idee are cut and garnered. 
If on the other hand the monsooii is a failure, labour is in strong 
re(juest to [)usli on irrigation tor .mowing food crops, and for 
saving standing ci'ops. ()ctoboi’, Xo\ ember and Oecendner arc 
absorbed in sc^wiiig the ralii. in irngatmg it, and in completing 
tile kliarif liarvest. Thus it is easy to see tliat in a well-pro- 
tected countrv, labour is in demand tlironghout the year, jieasants 
liave little time to indulge in lawlessness, oi in following out the 
freebooting instincts ol tlieii ancestors. 1 m) 1' dl yeai'S I served 
on the Ganges and Jumna Canal system : and though many 
famines and scarcities visited U[)per Fiidia during that long 
period, 1. never saw a famine, and never saw famine !al>oui‘eis at 
work. Indeed, my great difficulty was ti) find liands to carry out 
the many sanctioned projects for new canal hraiiehos and 
drainage works. But during the short period in which I toured 
ill Central India, I was brouglyt face to face with grim starvation, 
and aimless wandering in two seasons out of three. Thi.s is 
strong testimony to the policy of pusliing on protective works. 
It is surely better to spend money in constructing canals, tanks 
and wells, even though a productive return is not e.\[>octed 
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than to await famine, distfcss, 0[)i(leinics, etc., and spend ];n*£v,‘ 
uneconomic sums in relieving them. In tlie latter case the outlay 
is often groatei’, the country is })auperiz(Hl, officials are over- 
worked, and seldom do we dud any [lerinanent result arising 
from all the liarassing trouble and strain on State resources. 

(). Those who liave experienced a .severe drought can 
^ hardly have forgotten the tei-rible mortality 
r.astiirafrc, aiui water amoiigst Cattle, r have seen thousands of the 

i'(ir cattlo, • 1 1 1 • 

weary emaciated i:)easts, driven alr)ng tlu' 
Bombay road towards Malwa in liJOa and lOOG. Bain seldom 
fails ill that country, and lienee it has (‘arued a great reputation 
as a place of refuge in times of famine. Siinilai'ly, in 1899 - 1900 , 
T have seen large herds driven from Rajputana and the Punjab 
to the (Jano-es khadir, and the Knmaun Tcrai. In all the.se 

O' 

disastrous trekkings, many losses were incuri’ed, and bones of the 
wretched animals, lying along the roads, were silent witne.sses U> 
the fact. Independent of these casualties, wholesale butchering 
was practised in some localities. At Kuncli in Jalauii, thousands 
were disposed of in tliis way. The owners sold tliem f(a' a triHe, 
and tlie contractors made some profit from the skins and hones. 
The loss to the country must have been immense, and Govern- 
ment was obliged to advance large sums to the cultivators. 
Without this assistance, plougliing in the succeeding inonsoon 
would have been seriouslv affected. 


Where irrigation exists, all this horror is avoided. Water is 

of course plentiful, and so is tlie .straw of all the cereal ci’ops 

raised by the canals. The banks of tlie channels afford a certain 

amount of grazing, whilst spring level rises high in lowlands, and 

causes a plentiful growth of herbage. This latter point i.s \'ery 

important. In the valleys below tanks the grass is permanent 

audofo-reat value. For miles below the embankments useful 
<* ^ 

streams trickle along, and are a blessing to man and beast. The 
rise of spring level is also of immense use in rendering well-water 
accessible. This matter is, however, seldom realized until a tank 
embankment fells into disrepair, and the commanded wells 
become useless, 
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7. Years it was thought that canal irrigation must be 
Improved Sanitary of mail}' foi’ins of disease, to which 

conditions. natives and Europeans are liable, in a tropical 

climate. The belief bore good fruit in one way, as Government 
sanctioned large sums of money for the execution of drainage 
woi’ks. Remedial measures in the way of reductitm of excessive 
watering were also carried out. More branches, and more dis- 
tributaries were constructed, and this wise policy acted as an 
effectual safeguard against useless irrigation and water- logging. 
Cultivators who were aeeustomed to deluge their bolds weekly 
are now fortunate if their turn comes once a fortni^it, or once a 
month in times of low volume. This is all good for tlie land, and 
for themselves. Still, one famous Sanitary Commissioner was 
rabid on the subject, and pressed tlie Local Government of tlie 
North-Western Provinces not only to close up some canals, but 
to desist from further extensions. When the case was referred 
to tlie Secretary and Chief Engineer for irrigation, lie pleaded 
that canal-irrigated villages would sliow a bettei* return of healtli 
tlian those of un irrigated villages in the same latitude. He 
considered this would be the case, as the inhabitants of the former 
were better clothed and better fed. Investigation proved that 
the Chief Engineei’ was right, and the matter was allowed to 
drop. Yeiy little argument is required to show that tliougli 
fever may be caused by irrigation, the sanitary advantages far 
outweigh the disadvantages. Natives live largely on dairy* 
[iroducts, and it is tlierefore necessary that milch cattle sh<»uld 
have good drinking-water. Without canals, streams, or large 
tanks this essential does not exist. The conditions in which some 
beasts have to quench their thirst in offensive village ponds are 
no doubt a daiigei* to the jiuhlic. Milch cattle have power to 
pass oh poisonous ingredients in their milk, and thus it is easy 
to conclude whj^ many outbreaks of disease take place in drought- 
stricken tracts. A well-known case of this kind occurred in 
(Gloucestershire some thirty years ago. when a number of people 
were invalided, by consuming the milk from a certain dairy farm. 
Subsequent investigation proved that the bullocks and lieifers on 
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the land wore sick, and dying, whilst th(‘ cows wliicli produced 
the deleterious milk were thriving. This fact gave tlic clue, and 
ii was then discovered, that for the sake ol' salt, tlie hea^-ts had 
been licking a keg of poisonous paint which had been left u) the 
meadows. The cows did not suffer, as they passed off the poison in 
the milk ; tlm othei’ beasts sickened and died. Very possibly similar 
reasons produced the terrible scourges of ciiolei’a ^^’]lich used t<> 
rao^e in tlie IVreerut and Agra Divisions, hefoi'C canal in ii-ation 
was introduced. The luciiiorial stones on tlic camping grounds, 
giving lists of ofhcei’s and soldiers wlio died from the disease 40 
and aO years ago are strong proofs of tliis eon elusion. Sucl) 
epidemics seem to have fpiitted this biglily iiTigated part fd‘ the 
country, and it may be claimed that tlie immunity is due to th(‘ 
])i'osence of the flowing water in the canals. Nothing is .so deadly 
as a scarcity of potable water in a tropical country. It has hceii 
very ti’Lily said that more lives are l<»st in India from wajit of* 
water than from want of food. Tliere is another great advanta^-e 
\n the introduction of canal water froni tlie largo lA ej s. AVells in 
Muttra and Agra DistiTcts, that us('d to be brackislj, l]a\ e Jiow 
become sweet. Tliis is a gieat joy to the people, who ii.^ed to 
stiaiggle for vessels of potalde water at the few w ells whicl) wer(‘ 
not hitter. 

8. In this paragiuph an attempt wdll ho made to indicate the 
o’eneral benefits \Yhich arist^ from tlic im])i()ved 

- Oener.al improvemcnr ^ i i i i rrn ij- 

of the penpie .Tmi conditions already explained. IJic cultivators 
wlio are well placed, as regards irrigation, 
gradually reach a stage of assuretl financial stability, Tluuigii 
they may not olitain heavy liarvests in years (if di’ouglit, and 
thoimli some crops mav be lost l)y leason of vai ioiis calami tH*s. 
yet a portion of sowings will come to iiiatui ity, and splendid {wices 
will be realized. In this w’ay, the tenant clears ofl all debts, 
builds a better house for himself, keeps better cattle, and finds no 
trouble in marrying off his children. Altogv'^thei' a better state 
of well-being is arrived at. Rents come in regularly, and instead 
of the headmen felling the mango groves, new* jdantations are laid 
out, and new w'clls are sunk. The population increases, the waste 
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lands are reclalined, and bronglit under tlie ])lougli. In time, 
villages comprising a few liuts will become (juite large towns con- 
nected witli centres of trade l>y roads or railways. The advant- 
ages derived by (government arc most' important. The land 
revenue becomes stal)le, and advances are not i'er|uire<l to tide 
tenants over had seasons, Tlie people uho are dacolts and cattle 
liftei’s liecorne resjiec table, law-abidjng members of society. 
Instead of spending large sums in maintaining peace, the State 
has to con side]' sell ernes for I’oads, hospitals, and sclmols. Tlie 
increased wealth of the ]>euple leads them tr> make long pilgrimages, 
and the ia(‘ilities of travelling must exei'cise a strong educative 
effect. It has bemi said with considei'ablc triirh tliat after all 
a ]‘ailwav engine is theliest scliooi master. Railways themselves 
lienetit enormously by tlie pi'os])ei'ity of tlie cultivatois. The 
exports\:>f jiroduee iiici'ease by lea[)s and bounds, and returns do not 
fall off in Irrigated tiacts, as they flo in unprotected countries. 
India is mainly an agricnltui'al country : nothing is so necessary 
to lier as the developmr-nt of ii'rigation facilities, ami prevention of 
the wasteful escajie of river w atei' to the seas. Xot only do these 
jirotective v orks afford food and nccu|)atiun for millions, but tlie 
climate itself is modified hcnefieially. Intense aridity is checked, 
and healthful dews are created, wliidi as.sist in the growth of 
herbage and trees. The Monsoon i*ains descend on levelled fiehls 
covered with young crops, and the lattei' act as powerful ageuts 
in preventing denudation, and hmitnig excessive floods in the main 
l ivers. Mr. Buelianan. l/ndor Secretary of State for India, has 
evidently grasped tln^ advantagc.s of developing irrigation works, 
and has impressed them on the House of (kmnnons in his recent 
Budget Speech. He said : There is no sphere of work in which 
the Indian Goveiiiment has been engaged, which is more satis- 
factory to cpn tern plate than tliat of the raihray and iri’igation 
works. ” ‘*1 have given notice of a bill for 

renewing* our pow'Gi' of borrowing money for railway, irrigation, 
and other general purposes, but I have not yet had the oppor- 
tunity of introducing it. It is a measure, however, that will 
genei'allytcommend itself to the approbation of the House, and 
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from it we nwy expect very excellent results will ensue. Every 
one will recognize also, that there is no part of our work which 
reflects more credit on us than the adinirahle irrigation work, laro'e 
and small, which has been carried out in recent years. It has 
been a help to our revenue, tending also to mitigate the condition 
of the poorest people in their di, stress, \A^e intend to go on in the 
future in pursuit of that policy. " 



WELLS IN THE GANGETIC! ALLLVIUM. 

lU W. H. AIORELANJ>, f.r.K., i.cs., 

Director of AtjricuUure, I nited Prnr 'i of Agro and Ondh. 

It Is ]]() eN:aii'n‘ei‘atioii to say tljat tlio first couditioii of tlio 
prosperity of the greater part of tlie (jangetie ahnvial plain lies 
In the existence of irrigation wells. Even in on Unary seasons, 
most of tlie winter (O’ops in this plaiii i*e(|uii-e irrigation for tlieir 
success, and in dry seasons water heeoines an ahsolnte necessity 
for the niaintenanee of the ])eople on tlie land. The system 
of canals (Minstructed by the Government is admittedly an 
enormous asset, but (to take a recent instan(*e) during tlie famine 
year 1907-08. the area irrigated from w'ells was three times 
that svhicli was irrigated from canals : and wliile the a(Ui \ ities of 
the engineers liave already almost exhausted the su])[)ly ol‘ 
water available in the iLers which serve the Lnited ProviiH'Cs, 
the scojie for increasing the number of wells is to all appear- 
ance still almost unlimited. It may therefoi’c lio of interest to 
readers in other parts of India to ha\’e a sht)rt account of what 
these wells are. and wliat their advantages and tlieir limit- 

ations. 

The allin ium consists of a long and I’clativ ely narrow plain 
sloping IVom north and west, and the unifoi'in surface broken 
by the valleys wliich have lieon carved out by the rivers since 
the period when geological changes brought tln^ siuTace of the 
main alluvium about the level of dowing water. Tlie depth of 
the alluvium is known to exceed a thousand feet in the centnH 
portions and throughout this depth its composition is remarkably 
uniform, beds of clay and sand .siu'ceeding one another with 
little vai'iety. In a formation of this kind, there is naturally 
a fairly uniform water-table, that is to say, that where a hole 
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is (lug to a certain depth, water will begin to percolate into it. 
The depth to percolation-le\ el is determined mainly by the 
distance from the river valleys to wliicli reference has just been 
made, and though it vai'ies trom season to season with tlie 
amount of“ rainfall, it maintains its i'elati\ e ])Osition witli sub- 
.stantial regularity. Figuiv 1, whieii is adapted from a paper 
by Colonel (ylibhorn. a former Priiicipal of the Poorkee Civil 
Kngineering ( 'ollege. shows diagrammatically the position of 
the water-table between two of tln^ i'i\'ers in the Muzattarnaofar 
District, and is a fair illustration of tin/ positioii in the greater 
part of the alluvium. 



Tn sucli (M)unt]y the sim|)lest form of well is a hole dug down 
to a short di.stancc l)olow tlie percolation- level : tliis is a percola- 
tion well. Tlie water will filter gradually into the hole, mainlv 
fi’om tlie 1 ) 0 1 tom of tlie well, and can be diTiwii out hv a bucket 
as it comes in. Thnt v\c\\ this (amdest foimi of well is of 
im])ortant ec4)nomic value may l)e inferred from the tact that somo 
tiling like a million <)f tlnnn were at work last winte]' in the 
United Provinces : their sole merit is their clieapiiess, sin(*e tlnw 
do not in ordinary cases cost moi’c than from to r> rupees, but 
clieapiiess is an important matter in a (A)untry wdici*e tho possibili- 
ties of agricultui’e are limittHl by the s(‘areity of a vaila’nh' ea])ital 
The defects of sucli wells are numerous, Imt the most important 
is the scantiness of their yield : it is ivirely possible to work them 
by bnllock-power, and as a rule tbe lift used is an earthen pot hung 
oti a counterpoised lever and raised as it tills by manual labour. 
Those who ust' sucli wells have hvinied liy oxperieiu^e that moii' 
haste means less speed, and tln^ worker wlio apjiears to tln^ 
onlooker to be wasting bis time is in leality waiting for tln‘ 
moment when it wdll be safe to iviisi^ the lift. 
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The reason of this scanty supplj' is to be found in the fiict 
that for any particular kind of sand or earth there is what has 
I'jeen well termed a discharge, that is to say, that from a 

unit of surface only a certain quantity of water can be safely 
drawn in unit time : if more than this quantity is taken from the 
well, the water enters it at an increased velocity, enough to set 
the sand moving' : and once the sand at the bottom of the well is 
started moving, it will continue to move till the well is filled with 
sand nearly to percolation-level If, therefore, a well is overtax- 
ed by being made to yield a suppl}- of water in excess of 
its critical discharge, the result is that the well is spoilt ; and the 
men who use these wells have before anything else to make 
absolutely certain that they are not overtaxing the well, and must 
work slowly, uo matter how pressing the need of water ma}" be. 
Such wells therefore can yield onU^ a discharge pi'oportioiiate to 
the area of sand exposed at their bottom : and the cost and 
difficulty of construction increase so rapidly with an increase in 
diameter, that this simplest form of well can never give a large 
yield, and must remain wliat it is, essentially a poor man’s well. 

The suggestion will doubtless be made that the area of intake 
and therefore the supply, can be Increased by increasing the 
depth of the well, and so obtaining a large surface of the sides 
below percolation-level. The objection to this course is that 
when water is drawn from tlie sides tliey rapidly fall in and 
render the well useless : when sand flows into a well from below, 
as has just been described, it has to be moved against the force of 
gravity, but the sand at the sides of the well has not to meet this 
resistance and has therefore a lower critical discharge and hence 
moves at a lower velocity than the sand at the bottom. Even 
with the wells carried a very short distance below percolation - 
level, it is usual to line the sides with brushwood to prevent their 
gradual disintegration, and after a short depth this precaution 
becomes insufficient and a more substantial lining is required. 
This problem, carrying percolation wells to a considerable depth, 
has not been worked out by the people, and its consideration must 
for the present be postponed. 
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But some unknown discoverer at some indefinite period hit 
on a method of making wells with an area of discharge indepen- 
dent of either the depth or the diameter, and where this method 
is available, its results are so superior that the question of improv- 
ing percolation-wells becomes of little practical importance. This 
discoverer hit on the secret of making what are known in the 
alluvium as spring wells. The nature of these will become 
apparent from an examination of figure 2 . 

The ordinary spring well in the alluvium consists in essen- 
tials of a hole carried down below percolation-level to the first 
impervnous layer of clay, which presumably overlies a layer of 
water-bearing sand. The layer of clay is then pierced by a 
smaller hole, and if the sand-bed below contains water in sufficient 
quantity, there is an immediate rush of water into the well until 
it rises approximately to the percolation-level. The initial rush 
of water is mixed with sand, but after a time, as water is drawn 
from the well, this admixture of sand ceases and pure water 
enters. How this happens is a question that was for long a 
puzzle; but it is now well ascertained that the eflect of the first 
rush of sand is to leave a cavity Immediately beneath the founda- 
tion-clay, and that this cavity goes on getting larger until its 
surface area is so great relatively to the velocity with which 
water enters the well that water passes from the sand to the 
cavity at less than the critical discharge of that particular form 
of sand. In a spinng well, then, the actual size of the well has 
nothing to do with the yield : as the yield is increased, the caviiy 
beneath the foundations is automatically enlarged, and but for 
one important consideration it might be })OvSsible to set to work 
and pump the whole sand-bed dry from a single well, with a 
diametm' only sufficient to admit the pumjj. 

The consideration in (|uestion is the effect of such an 
operation on the foundation -clay. Its tenacity is weakened by 
each enlargement of the cavity, and except v'here it is very 
thick, a time will coiuc as the cavity enlarges when the ten- 
acity of the clay will be overcome and it will fall in. The 
effect of this is practicaliy to convert the spring well into a 
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percolHtiun-well oF a vury iiielHcleiit typi', that Ls. [)L'iietically to 
ruin the well. 

Looking now at tlu' diagram (Hg. 2), the* W'ell A is the 
tv[)icHl |jercolati(.)n well, a hole sunk a sliort distaiiee below 
[>ercolation-le\ad : while L is the or<linai‘y s[)riiLg ^^'ell sunk down 
to the first layer of elay l)elow that le\'el and th^ai carried on hy 
a narrow hole to the water bearing sand belowe These two 
bVgies of wells art? in practice familiar to all cultivators; they know 
that a spring well is best, that it requires a layer of iniporvious 
elay and that there is danger in overtaxing it beyond a certain 
limit, just as tlierc^ is danger in overtaxing a j^ercolation-well. 
In addition, they liave accumulated an extraordinarily extensive 
mass of knowdedge as to the positions where a toundation-clay 
can be found witliin a certain distance from the surface. S(> much 
so that in considerable ai'eas of the I iiited Provinees it is safe 
for a cultivator of the locality, l)ut not for an outsider, to star! 
sinking a well without a preliiiiiiiary determination (jf the position 
and strength (.)f the foundatioii-cjay. Hut. on the otlKU’ Inind, 
tliere are also extensiw; areas where ikj sueh knowdedge exists : 
s<jmetinies there is an excellent foundation, but at a greater depth 
than lias Ijeeii adequately explored, while frequently the founda- 
tion is patchy, apjaan'ing in sonn.' |)la{'f‘s and tliimiing off close i>v, 
so tluit thi'lfty men tlare not talos tiu‘ risk of failur<.‘ and have tn 
[)ut up witli inferioi’ percolatioii-wtdls. 

It must not, how'evci . he su])posed that (wm where a 
foundatioii-elay is Hvailal)]e tlie well is an assm-cd smvess ; tlu‘re 
is still the lisk that tlic iiiiderlyiiig sand may for one reason or 
aiiotlier he inadequate-] v supplied with watei’, [i )iot unesMimion 
phetiomcnou wdiere the beds ai'c shallow’ and of small 
extent. Eu mo.st countries, it is sufticient before sinking 
a well to know’ that there is an adeipiate ^up[)ly of water avail- 
cible, but in alluvium of this kind it is necessary t<; liava^ inform- 
ation not onlv of the siqjply l)ut e>f tin' mul thickness cj 

the iiiijei* of cif.aj ohovc it. It is this cliai’actoristic which makc’s 
the various methods of watei -finding i.)ractlsc<l elsewdien' an 
inadequate piaqiaratioii for the sinking of alluvial w ells. 
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If now we suppose that the well B has been sunk as shown 
in the diagram and has failed to give a sufficient supply of water, 
the only remedy is to carry it down through the first sand-bed 
and the next layer of foundation-clay in order to tap the second 
layer of sand. The cultivator is ordinarily unable to do this as 
the expense of sinking a masonry cylinder to the second clay 
is prohibitive. But experience has shown that it is (juite suffi- 
cient to sink an iron pipe about indies in diameter from the 
bottom of the existing well down to tlie .second layer of samk 
and given proper tools, the cost of this opei'ation is so much less 
than that of sinking the cylinder that it may be remunerative 
down to a depth of something like one hundred feet. We then 
get a well of the type shown as C in the diagram : the cylinder 
itself is deep enough to give a reservior of water in which the 
ordinary lifts will work, but the deeper part of the well consists 
simply of an iron pipe. The .sinking of these pipe.s is nut an 
important bi‘anch of the work of the Agricultural Department : 
tools and trained men being placed out where a demand exists, 
and it is quite remarkable how quickly a demand arises in a 
locality where a single well has been siu^cessfully dealt with. 
It is, ot course, not always the case that the deeper layer of sand 
contains sufficient water, but ex]jerience has shown that, partic- 
ularly on the eastern side of the Provinces, tliei’e is sufficient 
prospect of success to justify the operation in all cases where 
the well as it stands is inefficient. 

The wells shown in the diao-ram as D ain.1 K are two ordin- 

O 

ary types of inefficient wells. D shows the case where the layei’ 
of foundation-clay is too deep to Ijc [)ierccd by the primitive tools 
within the cultivator’s reach. The well as it stand.s is an ineffi- 
cient percolation -well, simply be<*ause the clay has not been 
pierced : in this case, the tools sent out by the Agricultural 
Department can correct the well at trifling expense as they can 
bore through almost any depth of clay. Such wells arc occasion- 
ally mafle by cultivators who happen to light on an unusually 
deep layer of clay : the type E is, on the other hand, very rarely 
made by cultivators, but is not infrequently found where the well 
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has been built by a philanthropist, or by a eoiitracto}- ignorant 
of the conditions. In E the cylinder has been carried through 
the foundation-clay and rests in the sand : it is an inefficient 
percolation -well, and very liable to subside if much water is 
drawn from it. The way to correct a well of this type is shown 
at E : as before a pipe is .sunk thnnigh th(' next layer of clay t<i 
the deeper sand, and the bottom of the cylinder then securely 
plugged with concrete round the pipe, so tlnit no water whatever 
can enter from the uppei' sand : this precaution is necessary because 
if water is allowed to enter, there is still tlie risk of the sand 
below the cylinder niovnng and thus endangering its stability. 

Tt will be gathei'tMl from this sketch of the most importatit 
forms of wells that there is considerable scope for assisting the 
public to make existing wells inoi'e efficient : but the organisation 
which has hetm <level()[)ed serves ecjually to assist theiii by 
locating .suitable sites foi* wells which it is proposed to make. 
The same tools which ai-e used for sinking [)ipes ser^’e for trial 
borings to determine the position and thickness of the found ^ 
ation-clay and the yield of water in the undeifying sand : with 
their aid it becomes possible to make sure of the conditions 
before entering on what is for tlie people of the Pro\'inee a veiy 
costly enterprise. 

Still, with all possible impi'ovements, wells in the alluvium 
have their limitati(jjis : each well has its maximum safe discharge 
and the penalty for ovei'taxitig a well is usually it.s entire de.struc- 
tioii. At the same time, it is true that many wells are worked at 
much less than the safe discharge, and there is a natural anxiety 
on the part of landlioldei's to increase the yield by substituting 
power pumps for the bid leek-lift in ordinary use, the efficiency 
of which is limited both by the power of the (*attle and bj^ the 
diameter of the well. This anxiety gives rise to a very difficult 
■problem, to determine the iriaxiimim safe discharge fora found- 
ation-clay of given thickness and consistency : it is obvious that 
the large pumping-plants adapted for use on rivers and reservoirs 
would very soon wreck any alluvial well on which they might be 
installed, while small plants are relatively more expensive to 
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Mild les.s etHfieiit tu work. If, then, capital i.s to be invested 
ill pumping iiuiehiiiery, it is obviously necessary for financial 
success to secure as nearly as possible the maxi mum safe dis- 
charge : and if the maximum is exceeded by even a small amount, 
the result is the (.lestruetion of the well, This problem has not 
yr‘t been soh ed, and for the- present it is necessary to advise 
laudliolders to go very cautiously in the matter, and in particular 
to be on their guaril against those pushing agents w’ho are ready 
to set up any sort of a pump without reference to the cajiacity 
of the well. 

In anv case, however, the introduction of po\\ er- pumps will, 
for a long time to come, lie of interest only to the wealthier 
landholders as their first cost must place them beyond the reach 
of smaller men. who will be content to use their available cattle- 
power to raise as much water as it can manage. Indeed, the 
clearest result of a somewhat detaded study of the well system 
ot the Province may be stated in the aphorism tliat protection 
against drought is mainly a question of sup[)ly of capital. Given 
capital on reasonable terms, the dwellers in the alluvium may be 
trusted to protect themselves witli occasional assistance in over- 
coming engineering difficulties ; and (juestions of construction 
and wM)rkiin>' fade almost into insignificance when we eonsider the 
enormous number of wells that are waiting to be made and that 
will be made as soon as capital is foithcoming. 

— The literature on the ^ahjeeb of alluvial wells is remarkably scanty 
considering tbeir importance to tlie country, Praclically all that is known about 
them will be found in two books : — 

(1) Vapers r^lalintj fo th. < o/' Wdls for Irriijaiion issued in 
by the Department of Agriculture S: Commerce of the N.-W. Provinces tk Oudh. 

(*2) 77i5 Mattufil of Irrujuiwa Writs drawn u[) by Mr. E. A. Molony, i.e.s., 
and issued in 1907 by the Department of Laud Uooords and Agriculture of tlic 
United Provinces, 



THE AdUICrLTrRAE CLASSES IX MADRAS, AND 
HOM' TO APPROACH 1 T{EM. 

Bv M. K. COUCHxMAX, 

i>f Madras. 

I HK prcsclltHtUHl (if the I'cpoi’t of Sul J) 3^1^ 

last Agi'lfultural ('on fere ik'c at Push marks an e|>ocli in the 
history of the JJepartineiit. ]\Iost of tlie ineinlaH's of the Do[>art- 
ineut have liad a seieiitifie education, and it inio-ht he expected 
that they would lie inoi’c interested in tlie l)iolooioal. eheinicai 
and pliysical pruhlenis whicli theii’ work su^^ests, than in tin ■ 
practical (jiiestion of Ihjw to iiitiueiiee tlie ryot. The rejiort of 
this cuininittee shows a full a[)preciation of the [iractical side 
of the Department’s woi’k. Tlie following para, seems es])ceially 
noteworthy 

“ It must he reincmhered. too, that one great essential is to 
liud by careful local iiu estigation tne needs ot the culti' 

valors, rather than recommend outside methods which mav he 
improvements, but are not acceptaljle undei' local conditions. 

'Only the wearer knows whei’c the .shoe ])inclies.’ Whci-e an 
actual need exists, the soil is already {irep uvd for the seed. The 
first re<juisite, therefn‘c, is to eonsidei" in wliat tra(-ts and among 
what classes we ai‘e most likely to meet with tlu' desiied state 
ot thing's. A timely I’ccogiiitioii of the fact tiiat it is oiilv under 
certain conditions and among certain elasses tliat the .Depart 
ment can, at present, effect any improvements would have 
prevented much waste of moiu'V in tlie [iHst. I t is ac(;ordingly 
[U’Oi)osed to state as hriefly as possible the lines on which the 
prospects (jf useful work a[)pear most fivourable in this .Presi- 
dency at rh(^ present fim^x Generally speaking, the determining 
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factor will be the economic })osition of the cultivator, and not the 
intrinsic possibilities of the land. 

As pointed out long ago hy Virgil, want is the basis 
of improvement. Providence, disapproving of farming being 
made too easy, sharpens the wit of the farmer by suffering. As 
long as there is ample virgin land, it does not pay to cultivate 
the same plot continuously. It would, therefore, be a waste of 
time to approach the jungle trib(^s of the west coast and the 
Agency tracts, who fell and burn a fresh patch of forest each 
year, and grow a crop in the soil enriclied with the ashes, with 
suggestions for improvement, (jcnorally speaking, each additioi! 
to the gross yield of land per acre is obtained at a diminishing 
net protit on the capital and Jaboui' employed. AVe must, tliere- 
fore, consider in what localities and amoni>' wljat classes of 
people engaged in obtaining a living from the land there exists 
the necessary stimulus to incur this additional outlay for the sake 
of a greater gross return. The limited resources of the Depart- 
ment in men and money can then be spent to the best effect. 
Farms will not be opened in tracts where the people are satisfied 
with their present position, or where such needs as they feel are 
due to causes be 3 miid our control. Time and nione}^ will not be 
wasted in approaching classes who have no effective stimulus to 
wish to im]3rove the yield from their land. 

Taking the question of localities first, wc should expect to 
find most pressure on the land and therefore the most stimulus to 
improvement, in the most fertile tracts. To some extent this 
IS so, but, foi‘ other reasons, tliese tracts do not always oticT the 
best scope for the introduction of inqirovoments. 

At the bottom end of tlic scale are vast areas ot’ diy culti- 
vation in regions of uncertain rainfall, such as are found in the 
Deccan Districts of ^Madras. Land is very cheap, and po|jiila- 
tion sparse. The simple but eftbetive implements and methods 
in common use suffice to |)rodnco a good crop when the season is 
favourable, at the irreducible minimum of time and trouble. In 
the Bellary, Anantapur and Kuniool Districts it is said that 
thirty acre.H can be cultivated with a single pair of cattle. If the 
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rains arc favourable, a good crop is secui-ed. The periodical 
failures of rain protect the land from being absolutely worked 
out by enforcing occasional fallows. If the rain fails, tliere is 
little lost, because little has been put into the land. Such 
conditions have produced a corresponding cultivator. Possessed 
of great physical strength and endurance, he is at the same time 
lazy, becauKse in a bad yeai‘ industry is \^Glsted, and in a good 
year the land responds libei’ally to indiflei'ent tillage. 

“ Better drink the water which is at hand, than l un to a 
distance to drink milk/' is a Telugu })roverb which sliows his 
attitude towards possible improvements. True, tliat in a year 
when the rains pai-tialJy fail the man whose land is best tilled will 
get a better orop, but this would nienn extra trouble, if not actual I v 
any extra expense. ( hi the whole, the ry<d s present methods, 
taking one yeaj- with anotlier, pi oduee enough to satisfy his needs. 
As long as this is the case, it would be a counsid of perfection 
to expect him to improve upon them. His nietliods being 
thus fixed, any new variety of crops introduced to him w'ould 
have to be suited to those methods, as mucli as to the climate 
and soil. 

This is a point which is apt to escape attention, but must he 
faced by those who seek to introduce superior hut more delicate 
varieties. Till a change for the worse forces him to hettei' his 
methods, or education raises his intelligenee and creates a desire 
for a highei- standard of living, the lyoPs methods must be accept- 
ed as one of the conditions to which a now variety must l)e accli- 
matized as nmeli as to the temperature and rainfall. We seem, 
therefore, to be on the bed-rock here, at all events in tlie imme- 
diate future. At the other end of the scale are the Deltas, or 
wet land tracts under equally fa^'ourable conditions. The water- 
supply is certain, and the sill ensures a certain minimum cro]) 
every year. Foresight, skill, and industry being at a discount, 
we find that the cultivator is perhaps the poorest specimen of his 
class. This is especially true of the oldest Delta system, the 
Kaveri Delta. Here hundreds of years of practical security 
against failure of crops have weakened the fibre of the cultivator, 
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aiul (lestroycMl his aiid r(\sf)urce. TliO liigh |)ri(‘(.‘s wliieli 

the land soils for show that the {U'osent methods, defe(*ti\'e as 
they are, yield a lar^'e net return. Till the existin^^' e(‘onoini(* 
conditions cfui he ehanyed. there exists little prospect of a general 
improvement. What these e(*oiiomie eondition.s are, will be seeii 
below. In the meantime the only ho|)e is in the excepti(,nial 
eases, where the landowner is eidightened enough to break 
through the prevailing practices of tlie district. 

Idle most fa^ ourabh^ loi^alities at present srem to be those 
in whicdi the climatic and agricultural conditions are such as to 
yieltl a fair i-eturn to hard work and enterprise, luit not a net 
surplus large enough to suppoit a large (dass of non-resident 
landowners. The best crops are those under well-irrigation. 
Incessant toil and a high degree of skill are necessary to obtain a 
living at all, i>ut, given these, ero|)s are a certainty. Such ai'e 
the “garden ’ lands of tlu' East Coast, where field crops arc 
grown hy lift irrigation fi'om private wells, and the best cocoanut 
and arcca gardens of the West Coast. To these must 
be added the disti*icts of dry cultivation with a rainfall relialde 
enough to cncoin*ago the cultivators to treat their land well. It 
may safely I)e saitl that any ]>]‘actieal suggestion by winch tbeii* 
labour could be lightened, or made more pi'oductive. would reeei\c 
careful consideration fi’om the culti\'ato]‘s c)f such tracts. In sueli 
districts, criticism of* faim methods is always koQu an<l intelli- 
gent. showing tliat they are on the look-oiit foi* improvements. 

Tlie ]iexl division of the subject is the most im})ortant. 
Among the nnmcioiis grades of' jieople interested in tlie laml, 
from the naked cooly beliind tlie jilougb, scarcely moi’c intelli- 
gent than the animals be follows, to the zamindar. moiiey-leiulo]’, 
or \'akil living in the city, whicli arc most likely to listen to 
flic advice of tire De|)artment ( This is a practical (piestioii, 
iiecausc the machinery foi* effecting imjirovements must he 
adapted to the suliject-matter. Bulletins an<l instructors must 
1)0 suited to intlueuee tlie class to be approached. 

Eor a long time to come tlie liired cooly is evidently beyond 
our sco{)e. He has little voice in the matter nr interest in the 
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result Ills work. Xe\t above him ermies tlie “sharer/’ who 
(Uillivates a [)ieoe of land, oi- provi<les tlie laboui' I'or a {*i’ 0 |), on 
(a»Klitioi) of reoeivino- a share of the ci’op. Tf his slairo is a HxcmI 
<|Uantlty of grain, lie has no lnt(n-('st in iiuj)roving the yield beyond 
what will bo enough to staau'e this. If lie gets a pi'roentage. he 
lias an interest in the I’esult, but eould not (diange his methods 
witliout Ills eni[)loyei''s ('onsent. 

4'he next (dass is the tenaiil at-will, usually on a yearly lease. 
His status varies {Voin that of a raek -rented hi I’d-of passage, who 
[lays iVom half to three <|uai’ters of rlu^ gi'oss profluce to the lainh 
owiiei*. to that o[* tln^ wealthy tenant of a ])oor landlord in a 
<listrict where good tenants are seai'ce. Where tlie tenant pays 
his rent in the form (it a sliaiv' ot‘ the eroji, he is naturally axerse 
to increasing the lent paid to his landlord, even though by this 
means lie might increase his own jirotit as well. An intelligent 
ryot in the Kaveri Delta is reported to plant Ins own paddy-land, 
about twenty acres in extent, witli single seedlings, using selected 
seed, and manuimig his land, thereby getting about double the* 
usual cro[). He also rents some laud on the shai’e system prevaih 
ing in the Kaveri Delta, whereby from half to three-cjUtartoiB of the 
gross produce goes to the landlord. This he cultivates in the usual 
slovenly local fashion, prefeiahig to gel a small ei‘ return Inmself 
with llie minimum of troul)le, to Increasing tlie shai*e of the sleep- 
ing partner in a greatei' ratio tlian his own. Kven wliere tin* 
share system does Jiot pi'exail. the tenant-at-wull has reasmi to 
fear, unless protected by special legislatio]), tliat any inci-<^ase 
in the produce due to superioi' cultivation will lx* followed 
by all increase in the rent. W here eompetitivf* i‘<mts are the 
usual thing, private lamlowmers are not trouliled by s(M’iiph.‘s 
about taxation of improvements ejected by theii- tenants. It 
is in this Presideiicy the common piucticr* foi' tenants to [lay 
Rs. LOO an acre and more for land for betel oi* sugar-cane 
cultivation for which ordy Ks. 40 will be charged when rica- 
is grown on the same land. Thei’e is, theretore, little use 
in approaching the average tenant-at-wull wuth suggestions for 
improvement. 
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Leaving out for the moment the next grade, and working 
down from the top, we begin with the zamindar, money-lender, 
vakil, Government official and the wealthy landowning class 
generally. In most cases tliese are absentees, and practise some - 
other profession. Their land represents their inherited wealth 
and their personal savings. Ask a man of this class what rent per 
acre he receives, and frequently he Cannot tell you. He knows that 
laud paying, for example, fifty rupees woi*th of ifce as rent will- 
cost -Rs. 1,000 to buy. The better the land, the safer the water- 
supply, the lower the rate of interest. This class, as a rule, buys 
onlv the gilt-edged species of land, siicli as the wet land in our 
great Jfelta systems, the (todaveri. Kistna. alid Kaveri, or under 
rivers fed by the unfailing iiionsoon of the West (Joast, .such as 
the Tampraprani Valley in Tiiinevelly. Their interest in tlie. 
land is confined to the receipt of rent : their knowledge of it 
derived from the scrutiny of tlieir title-deeds. Most of this 
class have neither the time nor the inclination to devote them- 
selves to agricultural improvements. A fair number, here and 
there, evince an abstract interest in the subject of agriculture, 
but, with a few hriglit exceptions, the mutual want of knowledge 
and confidence existing between them and their tenants prevents 
this bearing any fruit. An exception must be made in favoui’ 
of the well-educated and enlightened zamiiidars of the younger 
generation. Most of them reside tlie greater [)art of the year 
on their properties. Some iiave home farms under their own 
manao’ement. When tlie zaniiiidai' succeeds to the title while 
in his minority, and the (]ourt of Wards takes his [)roperty 
under its management, tlie home farms are managed by the 
European Expert em|.)loyed by the (''ourt. In the meantime the 
minor is receiving a first class education, in which stress is laid 
on agricultural subjects. There is good reason to hope that in 
many cases they will carry on their home farms on succeeding to' 
their properties. Should these hopes be realized, more can be 
expected from this class than from any other. 

With this exception, little help can be looked for from the 
larger landowners in this Presidency. 
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The class next below this, and next above the tenaiit-at- 
will class, is recruited from all grades of society. At one end 
of the scale we have the small ryot, cultivating ten or twenty 
acres of dry land in the j>eecan plateau with one Inilloek of his 
•own, and another begged or borrowed from his neighbour. 
Yesterday a cool}^ he has obtained on Darllrh^^ a piece of land 
outlie margin of cultivation, hna^sting his savings, of pcihaps 
Jess than twenty rupees, in the purchase of an old bullock, and 
few cheap implements. If his first season is a good one, he may 
permanently rise to the status of a ryot. If not, he becomes a 
cooly again. The land he abandons goes to swell the total oi‘ 
lands bought in by Government, and provide figures which come 
in useful to critics of the Ryotwari system. 

At the other end of the scale is the lai-gc landowner, 
farming part of his own land because it is his hereditary 
pilDfession, and supervising the tenants who farm the rest of Ids 
property. This class also inedudes [)ermanent tenants on a 
fixed rent, mortgagees with possession, renters for a tei’m of years 
on a fixed rent; in other words, all those who liave a direct interest 
in increasing the produce of their lands. Some of tliese are being 
continually elevated into non-resident landlords by the rise in 
prices, which increases their surplus profits to the point where 
their land will give them the income they consider sufficient with- 
out any personal supervision. On the other hand, tliis class is 
constantly being recruited from below by the best of the labour- 
ing classes. In Madras, coolies returning from abroad, with 
money in their pockets,* and wider ideas and higher ambitions 
in their heads, form a small but valuable portion of this contin- 
efent Some o-uide to the locnlities where this class can be found 

o o 

in the greatest numbers is afforded by the census figures. The 
class “ cultivating landholders” forms the highest percentage (of 
the class Landholders and tenants), viz., 90*7 in South Arcot, 
the home of the ground-nut, essentially the small man’s crop, in 
Cointbatore 87*4, Salem 85'4, Trichinopoly 86*7, Madura 87*4, 
Tinnevelly 84*7, These are all districts where there is a large 
amount of well -irrigation and good dry land. In the Tanjore 



50 


AGRICULTURAL JOURNAL OF INDIA, 


[IV, I. 

Delta the figure falls to 56 ‘8, Malabar to 11*2, Godavari 54*4. 
The three last districts are perhaps the richest in the Presidency, 
and their wealth lies mainly in their wet lands. 

The proportion of cultivating owners is also high in ^he 
Bellary, Anaiitapur and Kurnool Districts, but, for the reasons 
given above, the conditions here are unfavourable for effecting 
improvements. The consideration of the best class to work on 
leads, therefore, to the same conclusion as was arrived at from the 
consideration of localities. The most promising field of labour 
lies in those districts where personal skill and attention are 
necessary to obtain a good living from the land. In these 
districts are also found the largest number of the class whom 
there is the best chance of influencing, because they have a per- 
sonal interest in improvements. In the immediate future, till 
our Agricultural Colleges have commenced to pour forth sufficient 
numbers of well-trained subordinates of the right sort, through 
whom alone the masses can be approached, it is to the educated 
section of this class that the Agricultural Department must 
mainly address itself. Unlike the uneducated ryot, they are 
used to basing their conduct partly on reason, instead of on 
custom alone. They are accustomed to looking for information 
to books and papers, and to acting upon it. They can, therefore, 
be influenced by bulletins and pamyihlets in English and vernac- 
ular. Tlie ordinary ryot wlio can just read a vernacular paper 
would scarcely ever act on any information contained in it. 
Reading to him is a mere way of killing superfluous time, not a 
way of obtaining information on whicli to base his conduct. 
The educated classes liave travelled, and seen other crops and 
other methods. Pilgrimages to distant shrines are responsible 
for many new introductions. The writer was once astonished 
to see in an unusually dry year, a rude attempt at a picotah in a 
remote part of Coorg, in which, owing to the heavy rainfall, 
any artificial method of lifting water is absolutely unknown. On 
questioning the owner, it was found that he had seen the picotah 
from the railway carriage during a pilgrimage to Benares. 
Numei^ous instances could be adduced to prove the same point 
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that new crops and improvements are, at present, usuallj^ 
introduced by the more intelligent and educated cultivators. 
Yet, if the average ryot Is to be taught rational methods 
of breeding and feeding his cattle, of collecting and preserving 
his» manure, of selecting his seed, and cultivating his land, an 
agency must be devised for influencing the illiterate classes. To 
trust to new ideas filtering down from the infinitesimal fraction 
of the population which is at the same time educated and takes 
an interest in agriculture, is to postpone progress indefinitely. 
The percentage of literate’ males among the leading Tajnil and 
Telugu cultivating classes at the last census was as follows : — 

Vellalas ... 6’9 

Kanimas ... 4 8 

Kapns or Reddies ... 3’8 

Among the literates of these classes the percentage of those 
who know English was as follows 

Vellalas ... .3 

Kanimas ... 1 

Kapus ... 1 

The reality is even worse than the figures suggest, for, if a 
member of a cultivating class has learnt English, he has 
usually ceased to be a cultivator. A glance is enough to prove 
that no bulletins in English can reach the fringe of the 
cultivating classes. Vernacular bulletins can be read by only a 
minute fraction. For the present, therefore, little would be 
gained by emulating the excellent farmers’ bulletins and agricul- 
tural journals, the production of which must occupy a large 
amount of the time of the officers of the Agricultural Depart- 
ments of other countries. In such countries the Agricultural 
Experts are usually men of the same race as their audience. 
Their audience is also educated, and accustomed to look to the 
papers and to books for information in connection with farming. 
Even under these favourable conditions, the tones of expostula- 
tion and entreaty which are at times discernible in these publica- 
tions, seem to indicate that much of the seed falls upon stony 
ground. The Experts of the Indian Agricultural Department 
are separated by a wide gulf in language, race, customs and ways 
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of thought from the farmers of the country. They can never 
hope, therefore, to exercise any considerable direct influence on 
the cultivating classes. 

The agricultural classes hero can only be reached by oral 
instruction given in their own languages in their own villages. 
The training of the right kind of farm Managers and itinerant 
instructors, well, but not too highly, educated and preferably 
belonging to the agricultural classes themselves, must, therefore, 
be the most important duty of our Executive Agricultural 
Experts for some time to come. With this end in view, the 
Agricultural College at Coimbatore has been made as accessible 
as possible to the ryot classes. The only educational qualifica- 
tion winch IS indispensable is a knowledge ot Englisli sufficient to 
enable the students t(> follow tlio lectures. Xo so}iolarsliij)s 
are' given, as it was found in the past that these attracted the 
wi’ong class of men. On the other hand, free lodgings are 
provided and no fees are chai’ged for tuition. By this means it 
is hoped to obtain a suitable agency for bringing experimental 
work to the notice of cultivators. 



NEW IMPLEMENTS ON THE MIHPUKKHAS 
FARM. 


L>v G. -S. HEXDERSONj n.d a., n ilh,, 

DppuUj Dvi'f’i'ior of A(jr\cnUnrp.^ ShtA. 

Till-: following series of photos illustrate S(.)iiio reecMit intro- 
ductions of iinplemeiits designed for the S])ecial conditions of the 
Siudhi cultivatoi'. Sonie of these are inodific-ations of the in- 
digenous implements of other countries. It is considered that 
the Sindh i is more likely to take kindly to a simple but efficient 
and inexpensive tool than to more elaborate contrivances manu- 
factured abroad. 

A small workshop has been recently started at the above 
farm where all the following implements, with the exception of the 
water-lift, are made, (iver 100 applications for ploughs have 
already been received, and it is expected that after demonstra- 
tions have been arrangofl in the vaiious taliikas, and leaflets 
distributed, the demand will be considerable. 

Plough . — On irrigated lands where the ground is softened 
by water it is an efficient iniplenient. The share is of iron 
broad and the body 3' long. It deals effectively with the numer- 
ous troublesome weeds generally found in i negated land. The 
working depth is adjustable. It will do at the least one half 
more work than th(3 ordinary Sindlii plougli and go f deepei- 
with ordinary bullock power. A heart-shaped piece of wood fit- 
ted into the angle between tlie draft [)ole and the body, converts 
it into a very useful ridging plough. The cost at Mirjmrkhas is 
aliout Ks. 7. (Plate I.) 

Scraper . — This is a useful implement on irrigated lands 
and especially on a perennial canal. To prevent waste of water 
it is essential that the ground should be level, and this can readily 
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be eftected by this implement. It is a square box-like arrange- 
ment with long handles and a convex bottom, the gathering edge 
being of iron. 

In levelling land generally one plough works along with four 
scrapers. The scrapers follow one behind the other and gather 
up the loosened earth. When full, the scraper is simply tilted 
over at the required spot.' The earth Otin either be spread out 
evenly or made into embankments. Substantial embankments 
can be more cheaply and quickly constructed in this way than by 
doing the work by hand. 

When the scraper is emptied, the rope across the handles 
rests on its draft chain, and it is brought back as in plate III. It 
is cheap. (Plates II k III.) 

Norag or Thresher.— Thi^ is a useful machine for threshing 
any grain and is especially adapted for wheat, as it chaffs up the 
straw the right length for feeding. Its construction is evident 
from the plate. The only points which would offer difficulty to a 
local blacksmith are the cast iron axle bearings. If the discs are 
kept sharp, it will do four times as much work as the ordinary 
method of treading out by cattle. The usual manner of working 
is to pile the wheat or rice, etc., in a large heap ; some of this is 
carefully spread on the ground on the outside of the pile forming 
a large circle. The “ Norag i.s driven round this and gradually 
threshes the whole heap, the circle getting less and less as the 
loose pile diminishes. In this way much handling of the grain is 
avoided as the crop is carted straight to the pile. (Plate IV.) 

Iroro Screw Water Lift , — On a perennial canal an efficient 
water 'lift driven by animal power to raise water generally not 
more than 3 ft. and often considerably less, is greatly in need. For 
this purpose on the Jamrao Canal, the Persian Wheel is univer- 
sally used. On a 3 ft. lift, however, this is very inefficient. A 
one bullock Persian Wheel on a small lift will discharge probably 
from TO to T2 cubic feet per second. Plate V illustrates a 
machine giving an estimated discharge of 1 cubic foot per second 
on a 2 ft. lift., i.e., will water an acre I" deep in an hour. It 
consists of a double spiral screw working in a masonry cylinder. 
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The cost is Rs. 600/- and unlike the Persian Wheel or ‘‘Hurla*’ 
does not need to. be remade or refitted each season. (Plate V.) 

The photos are by Messrs. Gopaldas Sc Sons, Photographers, 
Hyderabad, Sind. 



the manorial earth of the kistna delta. 

By W. H, HARRISON, m.sc., 

AfjriculUiral Chemist to th*. Government of Madras. 

Ix man}' of the districts of the Madras Presidency, it is a 
common practice for the ryots to apply regularly to their lands 
such earths as are found to be of benefit to the (;rops. These 
earths are either the silts which have collected in tlie tanks 
and irrigation canals, or certain soils obtained fi’om the vicinity 
of habitation and villages. The latter practice is general through- 
out the paddy -growing portion of the Kistna District and the 
earth used is locally known as Pati-mannu. 

Pati-inannu is obtained from the backyards of houses or 
from places near present village sites which, tliere is every 
reason to believe, were once occupied by houses and cattle-sheds. 
The Telugu ryot lives in densely crowded villages, a custom 
wliich has come down from disturbed times, and he is notorioin 
for his devotion to his cattle. The cattle are literally treated 
as members of the family. The front room of the ryot’s house 
is occupied by the cattle, fowls percli on the rafters, and the 
human members of the family find room for their beds where vei 
they can, unless there happens to be an upper story attaclied u 
the house. Village sites are seldom changed and consequently the 
soil in the houses and backyards becomes strongly impregnated 
with organic matter to a depth of 8 to 10 feet and possesso- 
strong inanurial properties. 

The only use of this earth until comparatively recent time? 
was in the construction of walls and dwelling-houses, as surl 
structures withstand the effects of rain and heat better thai 
those constructed with the ordinary earth of the district, b 
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the Ceded Districts, it is largely used for the Hat mud roofs 
of the houses, which are proof against rain. 

The use of Pati-iiiaimu as a manure seems to have originated 
within recent times, as the oldest ryots deny having seen it 
put to such a use in their younger days and fix the time when 
this first occurred as about thirty years ago. 

Information regarding the place to which the lionour of first 
recognizing the value of the earth, and originating the pi'actice 
of applying it to paddy-lands, must be allotted, is of the vaguest 
cliaracter. The ryots of Saripahi state tliat it was first used 
at Agarru, those at Agarru point out to Palakule and Palakole 
ill turn refers to Jinnur. Although the Jiiinur ryots have onlv 
very vague recollections, the balance of evidence points, as far as 
the Kistna District is concerned, to the pi’actice Inn ing arisen 
near this village, but it is more than |.)robable that it was an 
importation from the southern districts of ^Madras. 

Pati-maium on inspection hi sihi is found to consist of 
compressed heaps of organic refuse anci earth. Good specimens 
are asli-grey in colour and crumble to a jjow der under very slight 
pressure. It is almost e.\clusively used on paddy-lauds, the onlv 
exception noticed being in the village of Uppaluru in the 
Bezwada lalnq where it is occasionally applied to tobacco crops. 
Ihe carting of the earth commences after the paddy harvest, 
at a time when the canals are closed, and during this season 
heaps of it can be seen lying on the wet-lands near the railw'av 
from Bezwada to Masulipatam. This work is vigorouslv pushed 
forward and the earth is spread by the end of May, so that the 
land may be ready for transplanting in June, 

In many parts of the Delta some of the low-lying lands are 
poorly drained, and in these there is a tendency for saline matters 
to accumulate. Such lands give greatly diminished yields, and 
even this result is only obtained at the expense of a large amount 
of labour and water. The ryots use Pad-niaimu in conjunction 
with paddy straw for the improvement of these lands. Soon 
after the harvest the land is well fiouded with water and paddy 
straw is trampled in, no charge being made by the Revenue 
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Department for water used for this purpose. The water is 
allowed to remain for a fortnight before draining otf, and then 
fi’esh water is admitted and allowed to stand for a farther period 
of a fortnight. After finally draining the land, Pati-mannu is 
spread at the rate of 100 cartloads per acre and ploughed in. 
A further dressing of 50 cartloads per acre is given in the follow- 
ing year, followed by 30 cartloads in the third year. 

Now that the supply of the earth is restricted, it is difficult 
to form an exact estimate of tlie amount applied to the paddy- 
lands, as this depends upon the wealth of the individual ryot, the 
accessibility and amount of the earth available, and the nature of 
the land to which it is applied. Only the wealthy ryots and 
landowners use it in large (|uantities. and their practice is to bring 
on to their lands a regular amount of Pati-mannu every year. 
This, however, is so distributed that only one section of the land 
receives a dressing during any one year, and it then receives no 
more for a further period of six years. The earth is applied in 
quantities varying from fifty to one hundred cartloads to the 
acre. Poor ryots who cannot easily command a supply often 
apply it once in ten years and even then in much less quantity 
than their richer neighbours. At Kankipad, for instance, a 
cultivator owning about one and a half acres of land was found 
to be applying to that area only 20 cartloads of Pati-inannu and 
this was derived from a wall in his compound. Taking the 
district as a whole, the general practice appears to be an applica- 
tion of about 75 cartloads to an acre every .six years. 

The j)rice paid for Pati-mannu varies greatly with local 
circumstances. In some villages, the price is comparatively low 
and the supply good ; in others the supply is in the hands of a 
restricted number who trade on the misfortune of their neigh- 
bours. In other villages, the supply is retained for the use of 
one or two landowners, and the ordinary cultivator cannot get 
it at any price. A t Chattaparru the earth is obtained from the 
fort at Ellore, two miles away, and the cost to the ryot varies 
from 14 annas to one and a half rupees per cartload, this price 
however including cartage. At Dendalur in the same taluk, 
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there is a large mound of Pati-mannu and one hundred cartloads 
can be bought for fifteen rupees. Near Gudiwada Station, the 
mounds cover an area of about 50 acres to a depth of six to 
eight feet, and these are sold to the ryots by the Inamdar at 
4 annas per cubic yard. 

Eliminating the excessive price paid at Chattaparru, the 
average cost is about thirty -two rupees per one hundred cart- 
loads, but in order to arrive at the true cost to the cultivator, it 
is necessary to make an addition for the cost of cartage. This is 
a considenible item where long distances have to be covered and 
adds materially to the value of the Pati-mannu when tipped on 
the land. The condition of the roads must also be taken into 
account in forming an estimate, and it is probable that the 
average cost for this item for the whole district does not vary 
materially from twenty rupees per one hundred cartloads. The 
total cost to the ryot is therefore about fifty -two rupees per one 
hundred cartloads, and this, on the basis of an application of 
seventy-five cartloads per acre every sixth year, is approximately 
an annual charge of six and-a-half rupees per acre. In this esti- 
mate no account has been taken of the cost of spreading the earth, 
as this operation is usually carried out by the ryot himself and 
his family. In cases where hired labour is employed, payment 
is made at the rate of four annas per day and the cost of spread- 
ing an acre can be put down as between one and two rupees. 
This expenditure, however, is spread over a period of six years 
and does not materially affect the above estimate. In this con- 
nection, it may be pointed out that a cartload weighs approx- 
imately half a ton. 

It is generally conceded by the ryots that the highest yields 
are obtained in the second and third years following the applica- 
tion, and that after the fourth year, the crops are decidedly 
inferior. Lands which only yield from 830 to 1,000 lbs. of paddy 
when untreated, will give from 1,700 to 2,500 lbs. of paddy after 
•an application of Pati-mannu. 

During the course of this enquiry, thirteen samples of Pati- 
oiannu were obtained from different places in the delta and sub- 
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niitted to analysis. It was found that the percentage of O 5 
varied from ‘505 to *009 ; but if the two extreme values are 
ignored, the variation is only from *664 to *790 per cent. The 
percentages of potash are, however, very variable, the limiting 
values obtained being '52 and 2 02, and between these limits the 
intervening values were evenly dispersed. 

An average sample was prepared from the specimens 
collected and the following shows its composition : — 


Moisture 




Loss oil 



l’22% 

liisolubk' mliKoal matter 



... 7ool% 

Fei rie oxide 



... 325% 

Alumina ... 

— 


... d'57% 

Lime 



... 2-(;o% 

Miignesia 



... '78% 

Potash ... ,,, 

si. .rl'i 

... 


... I -31)% 

onCicl ti« 



’32% 

... ■r){)% 

CO, 



-32% 

9fJ‘S5 

XitrogeiJ... 



... 


Pati-mannu may be looked upon as an earth rich in Potash 
and Phosphoric acid, and on the basis of tliis anah^sis, the amount 
of plant-food supplied to the land by its agency averages 13 lbs. 
of Xitrogen, 194 lbs. of Potash and 96 lbs. of P^ 0^ per annum. 

The deficiency of this eartli in Nitrogen is made good by 
the almost universal practice of growing sunn-hemp for fodefer 
immediately after the paddy is harvested, and ploughing in of 
the stubble. 

The mechanical analysis shows it to be chiefiy composed 
of finer grade particles, but the amount of clay present in it is 
only 14%, 

The amount of Pati-manim now available is very limited, 
and in several parts of the district it is very scarce indeed. 
Throughout the whole of the Masnlipatam Taluk, the sources of 
supply are practically closed to the ordinary cultivator. Until 
very recently each ryot had his own supply, which was derived 
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ill most cases from his own backyard and even from the floors of 
rlieir houses, and in consequence, unsightly pits, some of them 
reu feet deep, can be seen in and about dwelling-houses, forming 
such a menace to life and limb, that the Revenue authorities are 
insisting on the pits being filled in with earth. 

In many villages, it is no uncommon sight to see walls, 
which are constructed of this earth, in process of being demolished 
and carted away to the fields. Poor ryots arc known to scdl 
their houses to be broken up for manure and to rebuild them 
with the ordinary delta earth. 

Cattle manure is exceedingly scarce, as the number of 
animals kept by the ryots is comparatively small, and the greater 
part of these are sent away to distant grazing grounds during 
certain parts of the year. What little is available is cbiefiy used 
in the preparation of seed -beds. 

Under these circumstances, it has become of imperative 
importance to afford some relief to the poorer ryots, by intro- 
ducing some cheap and effective substitute to their notice, and 
experiments are now being carried out by the Madras Depart ■ 
ment of Agriculture to further this object. 

Cheap mixed fertilizers, the components of which, with the 
exception of the potash, are easily obtained locally, have been 
prepared by the Presidency i\[anure Works, Ranipet, to the 
specification of the ^ladras Agricultural Chemist, and enough 
for about forty aci’es has been distributed free to selected culti- 
vators near Ellore and Bezwada. Should success bo attained, an 
enormous demand for an artificial fertilizer will accrue, as there 
are 250,000 acres of wet land in the Kistna Delta alone. It is 
thought that the fact that these ryots are familiar with the use 
of a mineral manure will increase the chances of success. 



TATA SERICULTURE FARM AT BANGALORE. 

By .1. MOLLISON, m.r.a.c., 


In^pector-Genp.ral of Agriculture in India. 


The late Mr. J. N. Tata established at Bangalore a small 
Sericulture Farm about 1898. It was started to help native 
rearers to control such diseases as affect silk- worms in India, and 
generally to give technical instruction in growing suitable kinds of 
mulberries, in rearing silk -worms, in reeling silk and preparing it 
for market. The little farm has answered these purposes admirably. 

Mr. Tata was familiar with Japanese methods. He con- 
sidered them well suited to India. He got for the supervision of 
his farm one Japanese Expert of the artisan class and another 
who knew sufficient English to act as interpreter. 

The fittings and reeling machinery for this small factory 
were mostly imported from Japan. They are simple, durable, 
inexpensive and efficient. They were put up by the Japanese 
Artisan Expert helped by an Indian mistri and coolies. The 
Japanese Expert and his wife trained native girls of 10 to 14 
years of age to do the reeling. I have repeatedly seen these 
girls at this work. The work was excellently done. 

I compare in the accompanying tabulated statement this work 
as done by a fieldman of my office after three months' training at 
Bangalore, and the work done by the most expert reeler in the 
factory — a young girl. 
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The motive power for reeling and re-reeling by 12 operators 
was done easily by a woman slowly working a wooden lever, and 
this power could have easil}" done much more work. The 12 
girls could, in a day, reel and re-reel about 2 lbs. silk, which was 
worth at the time of my last visit 17.s‘. 6ri. per pound in England. 
The value of the refuse silk was a considerable additional item of 
income, but was not estimated. 

The work of mulberry cultivation, rearing silk- worms, improv- 
ing varieties of silk- worms by cross-breeding, detecting diseases 
by means of the microscope, preserving cocoons for seed and for 
hanking, pressing and packing the silk hn* market, was thoroughly 
done. Apprentices were taken in free for instruction. A three 
months’ course was required for this purpose. 

Bush mulberries only were grown. The rainfall, average 
temperature and soil at Bangalore and generally throughout the 
Mysore plateau, appear to be well suited for the cultivation of 
bush mulberries. Those grown were three grafted Japanese 
varieties, one Italian variety and four others, probably Indian. 
The Japanese varieties cannot be propagated from cuttings ; the 
others can. Plants of the Japanese varieties and cuttings ot the 
otlier varieties can, I understand, be supplied to those interested 
in sericulture. 

Tlie soil of the garden is a good deep dark red loam. 
Cuttings are first put in a nursery, and when they have rooted, 
are planted out 5 to G feet apart in each direction. In ordei’ 
to maintain a succession of young leaves throughout the year, the 
various plots are pruned in I’egular succession and irrigation given 
when required. Crude sewage and night-soil are used as manure 
with excellent results. 

Young leaves are required for the larvae when newly 
hatched. If there is a full supply of these and of more mature 
leaves when the worms are larger, six or seven broods are reared 
in 12 months. 

Disease prevails extensively in Mysore. The following 
results were obtained from seed cocoons obtained locally : — 

(1) 615 moths laid eggs. 
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(2) il4 of these moths were diseased as determined h)^ 

microscopical examination ; therefore tlie eo^ers were 

^ o ^ 

destroyed. 

(3) The larvie from 501 hatches of eggs hatched out. 

(4) These silk-worms ate 3,506 lbs. of green leaves. 

(5) The leaves were obtained from 2*41 acres of ])ush mul- 

berry in full vigour of growth. 

(G) 270 lbs. of cocoons were obtained. 

At Bangalore, bush mulberiy plantations get worn out even 
with careful pruning and cultivation in a few years. Young- 
plan tat ions to replace old should, therefore, be formed from time 
to time. Rotation is desirable. A ten-acre area should probably 
have 5 acres under plantations established for three or four years 
or longer, and 5 acres under a nursery, young plantations and 
other crops. ' The whole should tdeld leaves sufficient for 6 or 7 
broods in a year, each as large as that referred to above or larger. 

]\Ir. Tata’s Expert’ recommends that the rearing house 
should l)e separate and at a distance from the buildings required 
for, storing cocoons and reeling with the object of avoiding the risk 
of communicating diseases. The rearing building should ho 
constructed so that light and ventilation arc fully secured ; a 
thatched roof and a verandah being desirable to keep the day and 
night temperatures fairly equable. 

Expensive construction is unnecessary. A mud floor does 
very well. There should he a plinth and, exclusive of verandah, a 
buildino- 20' x 16' is .sufficient. The height to eaves should be 10'. 
The north verandah should be about 10 feet wide and enclosed to 
form a room. If well lighted, the moths, as soon as they have 
laid their eorgs, should be examined for disease under the micros- 
cope in this room, which should have* no direct connection with 
the rearing house. The healthy eggs only should be kept.' 

In the rearing house, there should be^three^wooden stands 
each 5 feet high, three feet wide, each with three shelves, the 
lowest shelf should be 18 inches from the floor. These stands 
should be so placed that there is easy - access to each. They are 
required to support the trays in which tho silk-worms are fed. 
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A brood from 600 batches of eggs can be accommodated in one 
tray when first hatched out, but requires about 150 trays when 
fully grown. 

The detailed cost of the fittinj^s of the rearino’ house is : — 

o o 




Ks. 

As. 

1. 

Three racks constructed of wooden frame and split bamboo shelves 

30 

0 

2. 

3. 

One rack for storing trays, etc. (not in use) 

Orie table and plank of wood on whicli the leaves aie cut, with 

10 

0 


a long knife ... ... ... 

10 

0 

4. 

Sharpening stone 

2 

0 

5. 

A .set of four sieves each with different size of mesh for sifting 




chopped leaves 

3 

0 

6. 

160 skeleton bamboo trays, 3^ x2^', at 4 annas each ... 

r 40 

0 

7. 

160 mats, at 4 annas each 

40 

0 

8. 

160 nets, j inch mesh, at 3 annas each 

30 

0 

y. 

Four woodeji stands for trays at time of feediiyg 

4 

u 

10. 

24 cocoon spinning screens 

24 

i) 

11. 

One Di.ssecting Microscope, Zeiss ... 

122 

0 

12. 

Table and almirah in verandah room 

25 

0 


Total Ks. 

340 

0 


The reeling factory should be 90' x 20', and contain an 
oHice 20' x 10', in which the records should be kept, also in which 
cocoons for seed and baled silk should be kept ; (h) a room 20^ x 10' 
for drying, cleaning and storing cocoons ; (c) a verandah 20' x 10', 
common to (a) and (/>), can be used for drying cocoons in wet 
weather ; (r^) a room for reeling, etc.. 40' x 20', partially partitioned 
longitudinally in the middle. On the one side of the partition 
the basins and reels should be ranged longitudinally ; on the 
other side, the silk should be tested and i‘e- reeled at one end, and 
hanked and pressed into bales at the other end : and (c) a boiler 
house 20' X 20',* with an arrangement for steaming cocoons to 
kill the pupm. The hand-motive-power should he worked in 
the boiler house and also the blacksmith and carpentry work 
done. ' r . 

The whole building should be constructed on a plinth with 
brick walls, 10' feet high to eaves, with tiled roaf. /The reeling 
room should have a pa,yed floor and arrangeineiits for drainage, 
121 Mud floors are* suitable for the other rooms. 
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I g'i\G a rough gi-ouiul plan on |)i'<'vious page (Flo, The 
reeling apartment is of sufficient lengtii tl.i' at lonsl I .t'l.asiiis aiul 
1 .) sets of j-eels, and tlie otlier accommodation is practicallv 
pi'opoi’tionate. 

The office will lepuire ordinary uu'nishings witl) a vermin 
proof cuphoavd (or storing seed cocoons, The furnishings are 
estimated to cost Rs. fiO, The store for cocoons slioiild hive a 
large central rack or stand on which in three tiers the cocoons 
1)0 stovod — • 


R:^tiniafed cos^t of rat k * 

... ;)0 0 

The fittings of the iTcling apartment at Ban, galore cost for 
10 roelors as under 


10 Hoiling basins 
10 Reeling basins 
10 \Vater Clips 

1 Reeling table, 20' x 2] x ^ 

10 Brass water tap.s 

10 .Steam regnlators with (Couplings 

2 Bra.ss bill corks 

10 Reeling maoliines on platforms witli SO reels | 
4 Reeling machines ant] 10 reels I 

Apparatus for baling and testing silk 
Small appliances 

IVking and freight charges from Japan 


R5». As, 
12 8 
20 0 
0 0 
00 0 
2;i 0 

00 0 
5 0 

81 ?> (1 

1 CO 0 
20 0 
250 0 


Rs. K 

A Rornish holier, 7|x 21, with Hrc hnx jltiings ;ind .diimnev ami 
freight chargp.s from Madras ... ^ I 

Krectioii of 'nniler and setting up ma.liinery iti working order 

with carpenter's and hlaeksmitHs t<.ols, etc., for repairs ... o 


Rs. 1,910 n 

1 do not ktinw tln^ notual of tlio Tloniguloro Ifiiiltlinn's. 
Tlioy wopo .siinplo and inoxponsivtg 

Tim recurring expenses for cultivation should not cncc.hI 
Rs. ,i0 per acre per aummi and prohalily will cost loss. 

Mr, Tata paid his .fa[iancs<' Expert Rs. 1 50 [icr month at 
lii’st: now h(> is also givmi. T nndorstand, a eommissiou o,, 
results. 



RESEARCH WORK ON INDIGO ^ 

By W. POPPLEWELL BLOXAM, b.sc. (Bond.), f.i.c. 

Ervibwed by J. H. BARNES, b.sc., a.i.c., f.c.s,, r.i.p.h., 

Agricullural Chemist, and Principal of the Agricultural College, Pujijab. 

The report is divided into four sections, the first of which 
mentions in brief outline the work done in India by Bloxani, 
Leake, and Finlow, at Dalsingh Serai, during the years 1902 — 
1904.t 

The chief result of this first report was to show the necessity, 
in the authors opinion, of an accurate and trustworthy 
method for the analysis of indigo, and he considered that all work 
on biological lines must remain at a standstill until this point had 
been satisfactorily cleared up and the analysis of indigo placed on 
a sound scientific foundation after which it would be possible to 
investigate the efficiency of the manufacturing methods, and the 
losses which occur there. 

Starting with the estimation of indigotin by means of pot- 
assium permanganate, the author had been led to conclude that 
this method of analysis, even with the improvements suggested 
by Rawson and Grossman n, was of an empirical nature and of 
insufficient scientific exactitude, and with the object of improving 
upon it, a study of the sulphonic acids was undertaken and the 
composition of their potassium salts determined. The potassium 


* Report to the Government of India eontaininp^ an Account of the Kesearcli work on 
Indigo performed in the University of Leeds, 1905-07, by W. Popplevvell Bloxam, b.sc. 
(Lond,), F,I,C., with the assistance of S. H. Wood, b sc.; I. Q. Orchardson, b.sc ; R, Gaunt, 
ph.D., M.sc. ; and F. Thomas, e.Sc. ; and under the general supervision of Mr. A. G, Perkin, 
F.I.C., of the University of Leeds. 

I Account of the Research work on Indigo carried out at Dalsingh Serai from 1903 to 
March 1901 by W. P. Bloxam, H. M. Leake and U. S Finlow. Bengal Secretariat Book Depdt, 
1906. 
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salts of the four mono-, di-, tri- and tetra-indigo sulphonic acids 
were prepared and their composition confirmed analysis. 

This being done, Mr. Bloxam and his collaborators then pro- 
ceeded to study the conditions under which the sulphonation of 
pure iiidigotin takes place without loss, an unsuccessful issue to 
which would render useless Grossmann s method of removing the 
impurities, as any loss in sulphonation would render the whole 
process valueless. 

Wangerin and Vorlander'^ state that between the temperature 
of 95^ to 100 ' C. a loss occurs with an acid of so low a stremrth 

o 

as 94 per cent, when heated for half an hour ; an acid of 100 per 
cent, strength gives rise to a loss of 2*4 per cent, in one hour 
between 95" and 100^ C., while an acid containing 8 per cent, 
of fuming sulphuric acid gives rise to a loss of 8 to 14 '2 per cent, 
according to the time of heating (half to 1 hour). 

The results of the author’s investigations do not confirm these 
figures as with pure iiidigotin no loss was experienced on using 
20 per cent, fuming acid for three-quarters of an hour at 97^ C. 

The tables which follow to prove the author s contentions 
are noticeable, in that the quantity ol’ permanganate used in the 
titration is very small, and consequently any error in titration 
will be considerably magnified in calculating out the results. It 
would be an advantage if a larger quantity of the sulphonated 
iiidigotin solution could be taken for analysis so as to minimise 
this error as far as possible. 

Having made out the case for the pure potassium salt of 
iiidigotin tetrasulphonic acid, and shown that no loss occurred in 
the sulphonation, it remained for the author to prove that sulphon- 
ation without loss also takes place when the pure iiidigotin is 
niixed with varying quantities of the impurities which naturally 
occur in indigo cake, such as indigo glutiii, indigo brown, and 
kaeinpferol ; this was done with satisfactory results, and the author 
states that no difficulty is experienced in working the process on 
crude indigo varying from 36 to 74 percent, in iiidigotin content, 


* /.fits f. Farl)eri mil Texilcliemie, 1902, 1 , -'^1. 
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and recuumiuiKk llio proc^ess as suitable tbr ilie analysis uf the 
crude cake ot' any degree uf [iurity and at any stage of its nicUiu- 
facture. 

The uutliurs recoin mend that in carrying out this process 
with crude indigo, it is advisable to use fuming sulphuric acid of 
0 to 1 9 per cent, greater strength owing to the diluting action of 
the impurities : probably what takes place is that the sulphonation 
proceeds in stages— t lie impurities being more easily attacked by 
the acid than the iudigotiu. 

The conditions of sulpliouation ]ia\'ing been determined, 
Grossmamfs method of purification with calcium carbonate was 
tested, but here it was found that all tlie sulphonated impurities 
were not removed— The analysis wnth potassium permanganate 
coiiseijueiitly gave too high a reading impurities being recorded 
as indigotiii, ^\llilst in other sulphonated products indigotin 
w'as [irecipitated witli the impurities and conseipiently results w ere 
too low. The authors, therefore, conclude that the successful 
application of potassium permanganate to the determination of 
indigotin depended on tlie purity of the indigotin solution titrated, 
and that its application to the analysis of synthetic and crude 
indigo was not possible in the several processes recommended for 
the preliminary purification of the crude cake, as these all fail to 
remove the impurities eompletely and eon sequent ly too high 
results were obtained in the .subse(|ueiit analysis : or in the eases 
when the impurities w'er<i completely removed, indigotin was ?ds() 
thrown down and the results of the titration were too low . 

Knecht s method for tlio estimation of indigotin by titration 
with titanium trichloride was tried, but here tlie authors found 
it necessary to introduce some modification in (l) the relative 
concentration of the solutions uf indigotin and titanium tri- 
chloride, and the relation of tartaric acid to niineral acid 
present during tlie titration. 

Ill order to separate the tetra-siilphonatc in a state ot 
purity, the potassium salt was salted out by the adilition of 
potassium acetate w ith what the authors claim to be (juantita- 
tive accuracy. 
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It lii worthy of note in this connection that the two chemists 
to whom the method was subjected for criticism reimirk (l)^ that 
“the new method of“ analysis at)pears to be a distinct advance 
on the existing methods, as the isolation of a pure indigotin 
comi)ound from commercial indigo renders the analysis wltli 
potassium pennanganate much more satisfactory than hitherto. 
But at the same time care is necessary in carrying out the 
analysis, for if the author’s directions are not loll owed, tin; 
results will [)robably be too lotr. It is during the process of 
sulplionatlon that (jre<U care must be taken, for if during this 
[U’oeess caking occurs, some of the indigo may l)e destroyed, or if 
in the salting out of the pure indigotin teti'a-sulphonate the 
operation is not carefully watched, loss may occur ; again, if 
sulphonation is insutheient and some of the tri- or disulphonatc 
is formed, the tinal results will he too low/’ (l^)t '' When working 
with pure indig(.)tin, the colour of tlie filtrate (\ eiy pale blue) was 
such as to indicate llie presence of more than a negligihle amount 
of sulphonate ” Bergtheil also criticises this point ami notes 
that potassium acetate appears to ha\'e some chemical action on 
the sulphonate, so that any inference as to loss of indigotin. based 
on the colour of the filtrate, may he misleading. 

Ill the course of the first two papers ad\aiicing the new 
tetra-sulphoiiate method of analysis, Bloxam and his collaliorators, 
ill comparing .the results obtained with the older and existing 
methods, offered a considerable amount of criticism on tlie latter, 
and it is hut fair to note that in many cases the authors ol these 
ascribe the failure to obtain reliable and uniform results to laulty 
working of the processes. 

In view of this lack of uniformity and of the severe criticism 
of one author s work by another, we shall await with interest the 
confirmation of these results by some chemist who will lie able to 
give the time to a complete resume ot all the various methods of 
analysis of either pure in’ crude indigo : for thus only can we expect 

Prof. .1. Xurmati Collie, Frofossor of Ors::\iiic Chemistry, risivcrsity College, 

toiulon. 

t Mr. 0. Cliapm.'tu 
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to clear up the existing difficulties in such fundamental questions 
as the correct indigo tin factor for the permanganate solution and 
che iiffiuencG of concentration on the results of the analysis. 

Now, though the accurate analysis of indigo itself is import- 
ant, the determination of the quality of latent indigo tin (or 
indican) which the leaf contains is a question of far greater 
importance in the selection of the best existing varieties, and in 
studying the efficiency of the manufacturing processes. The 
authors first tried Rawsons persulphate method, but found it was 
open to some error, oxidation of the glu coside indican apparently 
preceding hydrolysis, with the result that as much as 20 per cent, 
loss was experienced in the analysis. The loss had been already 
noted l)y Bcrgtheil and Briggs who had proposed an alternative 
method of applying the reaction. 

The source of indigotin or indigo blue in the various mem- 
bers of the indigofera is the glucoside indican which was first 
isolated and named by Schuiick, f and many of the methods 
pro[)Osed for the analysis and valuation of the leaf, and the conse- 
quent improvement of the manufacturing processes have aimed 
at the separation and subsequent hydrolysis of this compound. 

Beijerinck;j; in discussing indican suggests the possibility of 
estimating it by taking advantage of the well-known Baeyer^ 
synthesis of iiidirubin by the condensation of indoxyl with isatin. 
This suggestion involves the estimation of indican by warming 
its solution with hydrochloric acid and isatin, and determining the 
amount of iiidirubin produced, and was further commended by 
Beijerinek to the authors. 

Iffie method was consequently put to an exhaustive test and 
the following relations established between the three methods 

Rawson^s aiethud ... ... ... ... 

Persulpliate metliod ... ... ... ... 70 

Isatin method giving iiidirubin of 95 p. e. purity ... 88 

JoiirtKil of fhv Society nf ('hrm'trdl /nfh/,sh‘y, ]90(-», 7H-I. 
t Jahresbericlite uber die Foitschritteder Chemie, 188*% Ho!* : 4H5 ; Hn<\ 

AVi'r#, .37, 223. 

J Proe. K : .Akad : Wutenscli : Amsleidain. 189!*, 120, 

§ Berichte, 14. 1745. 
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This last means an increase of about 50 per cent, over Rawsoii’s 
method. It is necessary to note here that the persulphate 
method quoted is the author s modification of Rawsotds process 
and has been criticised by Bergtheil* who shows that this method 
of apply ii^g Ihe reaction will only yield satisfactory results wdien 
the plant extract contains a certain proportion of indiean ; if the 
concentration of the glucoside alters, the process fails, lower 
results being obtained. 

The point is one of some importance and requires further 
investigation, as the critical application of these figures to the 
efhciency of Mahai, as calculated in India, shows that the leaf 
possibly contains some 20 per cent, more colour material than has 
hitherto been supposed, and would consequently indicate that the 
(jfticiency of the manufacturing methods in use have been over- 
estimated. 

It \vould be of interest to know what results wi:»uld be 
obtained by the application of this modified persulphate method 
to the analysis of solutions of pure indiean at different eoneen- 
trations. 

An examination of the reaction between isatin and indiean 
si 10 wed that it was a quantitative one and \vet have reason to 
lielieve that the isatin method is one which will give us an 
accurate record of the indiean contents of the loaf always 
providing that the other organic materials present will not 
interfere with the reaction. But in connection with this point 
we note that on page 43 the authors state that the purity of 
the iudirubiii thus obtained from the reaction between plant 
extract” and isatin was 95 per cent, as determined liy Knecht’s 
method of analysis with Titanium trichloride. Now, granting 
that this method of analysis will give us an accurate indication 
of the percentage of iudirubiii in the precipitate, it is evident from 
tliese figures that the product obtained some 5 per cent, of impuri- 
ties. In the discussion which followed the reading of this paper. 

* J. S. C.I , 1907 

1 I’erkiii and Mloxam. Jottrtvil the ('hi'iniral 1U07. !il — 17i5. 
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lV(>rG.ssur A. G. Ferkiii .statud that bu believed the mictiui) to 
be quantitative, and it was very unlikely in the process used 
that anv isatni euuld l>e reduced to iiidoxyl, but the reaetionability 
ut isatin towards hydrocarl >ous of the aromatic series, ])Iieno]s. 
etc., in whicli condensation products are tbniied, seems to have 
been overlooked, and it would ha\'e been instructive if the autlior 
had examined the nature of this 5 pei* cent, impurities, for this 
impairs the relial)ility of the process as one of scion title accuracy. 
We consider that as the method stands at present, it will he 
necessary to eht'ck tlie indirubin contents of all such preeij)itates 
obtained in the analysis of the plant extract, by some such method 
as Kneeht's estimation, and with this addition the isatin process 
of analysis promises tv) prove one of great utility in the selection 
of plants of the Indigofera. 

Adjoined is a table"' of analysis of dried indigo leaf (taken 
from the report), and comparing the results of the persulphate- 
method and the determination i)y the isatin process, we see tlic 
apparent value of the latter over the older process. 


1 

Variety uf leaf. 

Iiitligotiti by 
jjersolphate 
method. 

1 

Jiidigotin by 
i.'atin metliofi. 



1 Per uent. 

Per <*eut. 

I. lndi>:ofcru 

ariecta, oUl leaf .. . . i 

()-()7 

(1-87 

‘J. Do. 

do. youDj,' kaf . , ... ' 

( ms 

4Sl 

:c Do. 

suiiiatiuna, younj: leaf 

2M8 

:M3 

4, Do. 

do. do. .’^eleeted . 




These figures are of particular interest ftom the point <4’ 
view of the indigo producer and Jiave an important bearing on 
the conclusions drawn l>y the authoi* as to tlie efficiency of tlie 
manufaeturing processes at present in vogue in India. 

The s])ecin\eu \l) winch he states to be a dried selected speci- 
men of tlie I/uli(/q/hxc ^fumaira/ut tdelds by ilie new metJiud of 
analysis 3*5 percent, of indigotin (calculated i'rom the iudirubin 
precipitate) or about doubh- the amount of available colour in the 
specimen of /. artrcla examined. 


• Pime ‘iS, 
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This Oil Hrst uxainiiuitiuii soeiiis a startling disco very and in- 
dicates that the planters’ stand to again double their 'output by 
tlie use of such a variety of Suniatraiia, for the replace] neat of^the 
old indigo cojiinionly used in l^eiigal (the /. by /. 

arrertd lias already in tlie last eight years doubled the yield of 
indigo per acre and thus been the means of saving tlie Industry 
from total extiinUion. 

But if we examine this figure of d'oo per cent, of colour on tlie 
dried leaf, we Hud that though well aliove the averagt', it is not 
the highest recorded Hgure for Sumatrana. while the average 
('oluur contents ot tlie Arrecta is even higher. Taking 70 [ler 
cent, as the average moisture eoii tents of the green plant, mid 
read as Indirublu ol' 05 per cent, purity, and the authors Hgure 
of GO per cent, of leaf, wc Hnd tliat the Hgure d-jo on tlie dried 
leaf indicates a green ]jlant euntaining 'G per cent, ot iiicligotin, 
whereas the average accepted Hgure for /. artreta is 1 [ler 
cent, and often higher. 

It is not clear from the re[)urt liow tlie autlioi’ arrives at his 
Opinion that the (.average indigotin contents of 1. stfJiLatrattf.i is 
about 'G per ceiit,,'^' and proof is required before this can he accept- 
ed as an established fact, and in cousec|uencc of tliis the statement t 
tint the highest efficiency of Maliai does not reach 50 per cent, of 
the total indigotin available, wlnle tlie average efficiency is i!.) 
per cent, falling thence to lil’H seems to bu based upon insulhcieiil 
scieutitie evidence. 

The whole question ut the efficieuey ot the manufacturing 
methods is of the greatest importance to the industry, for its 
survival largely depends upon the economic possibilities ot 
improvement in this direction. The introduction ot tlie J. arrecta 
has done much : it has enabled the planter to double his output ot 
cake indig’o, and thutudi it is recognised bv all sclent i He men ulio 
luive given aiiv thought to the problem that work is needed in the 
breeding and selection of the indigo plant on an indicau content 
ba>iis, we must, also look to inqiroved methods of extraction 


* UL'puit, [lagu.s 2^ aiul lit. 
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on the most approved scientific lines if natural indigo is to compete 
on anything like level terms with the synthetic product. Many 
of the results obtained by the author in the comparative analysis 
of the leaf, and tlie assay of commercial indigo cake have a far- 
reaching effect in dealing with the calculation of the efficiency of 
Mahai ; if, for example, the increased indication of colour contents 
yielded by the isatiii process is, as the authors state, some 20 
per cent, in advance of other methods of analysis, and if the leaf 
contents of the plant avei*age 60 per cent, instead of 40, then, 
allowing fur lower result yielded by Bloxam's permanganate factor 
for indigo tin, the application of these figures to the 85 per cent, 
efficiency, as calculated by Bergthcil, reduces this figure to an 
efficiency of 437. It is, however, recognised from the analytical 
examination carried out by Messrs. Rawson and Bergtheil that the 
process of manufacture commonly in vogue wins only some 50 to 
60 per cent, of the colour present. If we apply the above stated 
correction factors of Bloxam, we obtain as a result a 28 per cent, 
efficiency for the planter s method of manufacture, and it would 
thus seem as if improved methods of manufacture could place the 
planter beyond the effects of competition. 

An objection has, however, been raised (see above) against a 
comparison of the isatin method of analysis with a modified per- 
sulphate process which is at present open to criticism. This 
criticism, too’ether with the noted wide diver^^ence between the 
leaf estimation as carried out by tlie author and Messrs. 
Rawson and Bergtheil, show that it will be necessary to have 
these results confirmed by further work, and the matter placed 
l>eyond doubt before the figures can be taken as representing 
commercial possibilities or the planters advised to invest 
capital. 

Before leaving the portion of the report which deals with 
the isatin method of analysis, it will be of interest to look into the 
application of the reaction and see how the authors deduct an 
indigotin content from its use. 

When indoxyl and isatin interact, there is formed the alpha 
jndogenide of pseudo -isatin, indirubin, and the conditions under 
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which the beta indogenide-indigotin are formed, appear to be 
very different. 

These two bodies are apparently isomeric and have the same 
empirical formula, but differ constitutionally ; they have different 
properties, and the conversion of the alpha body into the beta 
does not appear to be possible,^ so that the results of this method 
of analysis in which the product is weighed as indirubin would 
bo better recorded as weight ol indirubin found and correspond- 
ing percentage of indican. 

The importance of this point is brought out in the subject- 
matter of the report itself. t When experiments were undertaken 
with the pure glucoside in dican, it was found that solutions of 
this body could be quantitatively estimated as indirubin by the 
isatin process, but, on the other hand, the authors did not succeed 
in obtaining a yield of indigo tin, which corresponded with the 
quantity of colour theoreticalh^ present. 

Whether this problem can yet be solved still remains to be 
proved ; that it is a point of importance is evident after a close 
perusal of the subject, but the practical results of the manu- 
facturing inform us that though we can increase the percent- 
age yield of indirubin at the expense of the indigotin (as in 
the ammonia process), all the known changes rung on the 
various processes of manufacture have failed to materially 
increase the yield of indigotin at the expense of the bye- 
products. 

In connection with this conversion of in dican into indirubin, 
Maillardj concludes from experiments carried out on chloroforniic 
solutions, that there are most probably two isomers of indigotin — 
the very soluble and transformable indigotin represented by tlie 
formula of Jiaeyer, and the ordinary stable indigotin wliich 
is probably a polymer (di -indigotin), (C-^^Hp^N^O^), and the 


* Marchlewski & Radchrte, J. S. C.L, xvii, 430, claim to have converted iiuliruhiii into 
itidigotin, but no quantitative figures are given, and as their results are based only on a dye 
the question at present seems to be an open one, 
t Page 94. 

t Coraptea Reudus, 134 (8), 470-72. 
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cl’yoscopic (loterinii)atioii of tin* inoleculai' weiolit l>y Vaubei 
confirms this view. 

A solution (jfindiruliin in ehlorofornu on th(^ othei’ hand, does 
jiot undergo transformation into indigotin, but it is just [Kjssible 
that an unstahle or ‘‘nas(‘ent'’ indii’ubin might do so, and that 
oi’dinary indirtibiii is a polymer or di-indirubin. 

Witii the addition of the necessary check to tiie purity of 
the indirulnn obtaine<l (as indicated above), the results given bv 
the isatin method of analysis tlieu would appear to he most 
valuable in recording the ijidican ' contents of the leaf, ami as 
this is the source of the indigo of the manufacturing proeeKSS, a 
valuable contribution has been added to our methods of plant 
analysis, and should prove a specially useful laboratory check irj 
studying the problems connected with the occuri’ence of imiican 
in the plant and in plant selection. 

The iK'xtand a most valuable part of the re[)ort is that which 
eontain.s the author's work <>n indican and the naturally occurring 
impurities in cake indigo, and we can onl^- say that t lie woi’k here 
recorded is a valuable addition to our knowdedge of this siihjeet — 
the paper on indican by Perkin and Blo.xam ■' being specially woi-tliv 
of mention as a model of clear and concise chemical reseai-eli. 

The results of the.se investigations indicate that the indoxyl 
glueo.side contained in the leaves of the /. and I. 

orfrrta is in hotli eases identical with the indican tii’st isolated 
in a crystalline condition by Iloogewerd' and ter J\renle]i f 
from the [odHjofera and from th*^ Poh^f/omfrit 

Bv employing acetone as the solvent foi* tlio glueoside the 
authors have shown that it is easy, in the ease of the /. 
rana, to rapiflly proj'iare large f|uantiti{\'^ of the pure sidistanee, in 
amount equal to about o j). c. of the air-dried leaf With the 
/. arreefa the [iroeess, though effeetiv e, is not so simjile, and the 
diffieulties arise ehietly from the prescMiee of a sngar-like 


*,]. C S. trans., 11)07,111—1715. 
t Prof'. K. Al<aJ. : WetcnsOi. ; lliOn, 
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fOinpoujul (C\ Hi 2 pos^iljly a loodifiCHtion ot‘ (juercetol wlucli 
leiKlei’S crystallisation difficult. 

As the isolation of indieaii can he carried out entirely witli- 
out the aid of heat, it is evident that the contention of Schiinlr' 
in so far as his work witli the Polygontnu lindoritmi is concerned, 
that crvstalline indiean is an alteration product of his own 
K>mpound, cannot be uplield. 

The authors endorse Hoogewertf’s and ter MeuleiVs state- 
ment that indican has the formula and crystallises 

from water with three molecules of water of crystallisation, hut 
its melting point in this condition is o7' — 58 C.. and not 51 C. as 
stated in their paper. 

Other physical properties and the formation of anhydrous 
indican are also described. The authors then go on to show that 
l>y means ofisatin, indican can be quantitatively estimated as 
indirubin, but, on the other hand, no theoretical yield of indigcUiii 
lias yet been obtained. 

The work of Hazewinkel in which he pi-oves that indiean is 
the indoxyl glu coside of dextrose was confirmed, but the aut hoi's 
note that on hydrolysing the glucoside with hot dilute acids the 
indoxyl liberated condenses with tlie formation of brown amor- 
phous products and with the simultaneous production of a trace 
«if indole. 

The main product of tlie reaction which is here tei'ined 
indoxyl brown lias a percentage composition almost identical 
with the main constituent of' indigo-brown, wliicli it very strongly 
resembles. 

liesultin" ))r<^duct of tlie fiction cnn>ititnents of Tndigo* 


(tf acids on Indiean, 


lirown. 

Taibon 

G8’M 


Hydrogen 

4-10 

4 -28 

Nitrogen ... 


10 00 


This point is ivtlvanced in t'nrtlier support of tlie niiinion 
I'xpressed in an earlier comnuinioationt wliere tiie results of the 

• ('hnuuu\} ItiOO, 82, ITi?. 

t p.'jkin anil Pluxani, 1. C, S,, Iran?,, IWi, til— 



80 


AGRICULTURAL JOURNAL OF INDIA. 


[IV, I. 


authors investigations on the constituents of indigo-brown 
showed that these bodies were probably derived from indoxyl. 
The percentage of carbon which they contain, together with the 
fact that they are partially converted into an th rani lie acid on 
boiling with strong alkali, tend to confirm this view. 

As derivatives of indoxyl, \t,\^ piobable that they have been 
formed by some process of condensation during or after the 
hydrolysis of the glucoside. 

A further study of this question and other point.s which 
bear on the behaviour* of indican under the conditions which 
exist in the manufacturing processes on a large scale are 
being investigated, and it is hoped that further light will be 
thrown on the relation of indigo-brown to indican, and on the 
determination of the conditions under which indican yields the 
maximum percentage of indigo tin when acted on by acids or by 
the enz^une. The results of this branch of the work will be 
awaited with interest, for tliey will probably have a profound 
effect on the manufacture of natural indigo and the industiw^ 
generally. 

The cause of the fermentation process which indigo under- 
goes in the steeping vat has attracted the attention of manv 
workers. It was first thought that a specific micro-organism 
brought about the change/'^ Van Lookeren and Van der Veen 
suggested the presence of a hydrolysing enzyme, but brought no 
experimental evidence forward. 

Breaudatj obtained evidence of the enzyme when working 
on the Isatis alpina and concluded that in tlie latter there was 
also an oxydase which produced indigo from the products of 
hydrolyses of the glucoside. 

Beijeriuck;}; found that several commonly occurring aerial 
micro-organisms were capable of the production of indigo from 
plant extract, but considered that the hydrolysis in the steeping ^ 


* Alvarez (Comptes Rendus, 1887, ll5-2Sij), 
f Landw, Versuchs. Stat,, 401. 

J Proc. K ; Akad : Wetensch : 19l0, 120. 
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vat was brought al^out by an enzyme, and the view was supported 
b V Haze w i n keb^ an d V a n. Kom burgh . i* 

They state that the enzyme is insoluble in water and only 
slightly soluble in glycerine or a 10 p.e. brine solution. 

Bergtheil| found the enzyme could be extracted with water 
after the precipitation of tht^ tannin present in the leaf by means 
of hide powder, and that such a solution, rendered sterile by 
means of chloroform, retained its activity for some time. 

Bloxam found he wa.s unable to confirm this latter authors 
work, but he succeeded in obtaining the insoluble enzyme of 
Beijerinek. 

. In the final summary ot‘ the report Mr. Bloxam makes 
.•several suggestions for the continuation of the work both in India 
and in England. He offers a considerable amount of criticism on 
the methods of analysis in use in India, and concludes that owing 
to iniperfections in these, the percentage of indigotin in crude 
cake indigo and in indigo at stages of the manufacture is being 
considerably overstated. He considers also that the percentage 
of the leaf present in the plant is really higher than is supposed, 
and that the Colour yielding power of the leaf has been greatly 
underestimated. 

The result is, as has been stated above, that the efficiency of 
Mahai has, in the author’s opinion, been very considerably over- 
estimated. 

How far these criticisms are justified is difficult to say, but it 
appears necessary to obtain further confirniatory evidence on 
(L) the factor to be used in the estimation of indigotin by means 
of potassium permanganate, and the influence of concentration on 
the re.sults of this analysis; (2) the average percentage of leaf in 
the plant as used by the indigo maker ; and (3) the relationship 
between the persulphate inethod (ff analysis used in establishing 
the efficiency factor of <85 p. and the isatin process on 
whicli this criticism is based, before it can be said that the 

* Proc. K : Akad : Wetensch : 1900, 2,512. 
t Loe. cit., 1899, 2*314. 
t J, C. S., 1904, 85.870, 
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question of the efheicnc}^ of the present methods of manufacturing 
indigo has been finally settled, or the possibilities of improve- 
ment clearly defined. 

In the preface to the report there is a lengthy quotation 
from an interesting lecture delivered by Professor Meldola to the 
Society of Arts in 1901, and which was entitled “the Synthesis* 
of Indigo.” In this lecture the planter has been severely 
criticised in no measured terms for what is termed his criminal 
negligence. How far the unfortunate planter is to blame is 
difficult to say — the members of this industry are men whose 
interests and knowledge are cliiefiy centred in the agricultural 
side of their work, and it seems most unlikely that they were in 
a position to realise the danger to be faced from synthetic indigo 
until this was actually on the market and in competition with 
their own product. 

The reports issued from Pemberandah, Dalsinghserai, Sii'seah 
and from Leeds, voice the efforts winch have been made l)ot]i l>y 
the members of the planting community and hy the Indian' 
Government to place this industry on a firm scientific foundation.. 

A quotation is given in the report from the Mnnchei^ler 
Guardian of the 4th September 1907, sliowing how in the jfi’e- 
vious year Germany had expoited artificial indigo to the value 
of 31*6 million marks as against 25*7 million marks in 1905, 
21*7 million marks in 1904 and 7*6 million marks in 1 898. In 
1895 Germany imported natural indigo to a value of 21*5 
million marks, and this had sunk to 8*3 million marks in 1898, 
while in 1906 only 800,000 marks worth were imported. 

It can l)e readily understood, then, that during the last few 
years the industry has not been in the financial position to 
invest in any doubtful scheme of improvement or even in one 
which involved the outlay of much capital — the re.sults of 
Rawson's investigation in India showed a possibility of improve- 
ment ill the methods of manufacture to the extent of 30 to 50 
p. c. hy the use of new machinery and improved methods of 
working, but only a limited number of indigo makers were in a 
position to avail themselves of this knowledge. 
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Time after time the English manufacturer has received 
warnings from the scientist that unless he was prepared at some 
personal inconvenience and outlay of capital to introduce scien- 
tific order In place of his older empirical methods of working, he 
would ultimately have to give place to competitors who are 
availing themselves of the resources of science. The whole 
English world of industry is full of such instances, and it is now 
becoming generally recognised that there is no subject of greater 
importance to statesmen and to the British public than the 
jilacing of English industries on a sound scientific basis. 

We have in indigo a remarkable instance of a venerable 
Industry ousted from the market and starved to death by the 
results of years of |)atieiit work on the part of the German 
cliemists. 

The material from whicli the synthetic indigo is at pi-esent 
manufactured is a coal-tar by-product, and the fact that the 
source is such is one of the main reasons for the cheapness of the 
.final product. With the improvement of gas manufacture b}’ 
fiew' and cheaper methods, and witli the enhanced value of what 
have in the past been regarded as waste products, it is possible 
to conceive tliat the most economical method of indigo produc- 
tion may ultimately prove to be from the plant, and there is no 
]*cason at present to suppose that this should not ultimately 
prove to be the case. 

It behoves those interested in the industry, then, to make 
every effort to place it on a firm scientific foundation : foundation 
built on the possession of perfect knowledge ; and to this end we 
ti'ust tliat all the workers in this branch of scientific enquiry 
may receive every help and support in their attempt to reclaim 
at least one portion of Britain's commercial supremacy. 



NOTES. 


Txdian Dkv Farmin(;. — Reee?it/y nuich has been heard of 
American Dry Farniing, and large tracts in tlie South-Western 
States of V. vS. A. which formerly were considered to be too 
deficient in rainfall to have any agricultural value are now by 
the proper conservation of moisture made to yield fair cro[)s. 
The principle is not, however, new and can be seen in tln^ 
ordinary agricultural practice in many parts of India. 

A very interesting and an absolutely scientifically correct 
adoption of the principle is exemplified in the ' bosi ' and 
‘ sailabi ’ cultivation of ITpper Sind. The conditions here in 
most of the higher lands arc an unlimited supply of flow water 
for a short time, sometimes only 10 days to 2 weeks in mid- 
summer during the rise of the river Indus. With this water 
and the help of a little lift irrigation some kharif crops can 
easily be grown, but a more difficult problem is the production 
of ‘ rabi ’ crops such as wheat and oil -seeds. 

The cultivator, however, taught by ages of experience, prob 
ably long before America was even discovered, first gets his 
land flooded and keeps the water on as long as lie can by means 
of small bunds. As soon as the land dries so as to permit 
bullocks on it, it is carefully ploughed until a tine “ tilth ” is 
produced. Thereafter the ground is gone over with a heavy 
log and the soil carefully consolidated. This corresponds to the 
American sub-soil packer. A final light ploughing may then 
be given. The ground will be left till sowing time in October 
or November or later, and sown by a small drill consisting of 
tube fixed to a plough. This does not turn up the soil and so 
the minimum of evaporation is secured. 
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On good retentive soil a fine crop can be raised without any 
further moisture being received, either irrigation water or rainfall, 
though on poorer soils the crops may be helped out by several 
applications of well water. — (G. S. Henderson.) 

^ * 

Note ox Tapioca. — The usual practice of sun-drying tapioca 
in this country is to remove the skin first, then cut it into thin 
slices and expose the slices to the sun for o or 0 days consecu- 
tively until they are quite dry. This method is quite sufficient 
foi* the preservation of the root, and for the removal of all the 
bitter stufis, if there are any. Boiling before sun- drying is not 
practised lie re and is, I think, not essential. 

Removal of the skin of the root before cutting it is, in my 
opinion, advantageous. It must be remembered that the skin 
consists of an inner and an outer layer. It is enough if at least 
the outer layer is removed. If it is not done, drying will be 
more difficult, and will re(|uire a longer time. Also there is the 
danger of the earth that sticks to the outer surface of the root 
getting mixed up with the cut slices unless special care is taken 
to wash all roots thoroughly before cutting them. Tliorough 
washing is rather difficult and tedious, and so it is better simply 
to remove the skin. The extra expenses to be incurred for 
this will not be much, and whatever is sjient can certainR be 
realised in the price. 

Tapioca is a cheap and nutritious food \^ hich will serve the 
people well, especially in times of famine. It has been in 
Travancore for the last oO or 40 years, I think. It is very 
widely cultivated at present and is the staple food of many 
thousands of poor people. — (X. Klnjan Pillai.) 

# * 

Tobacco Growino in Hall a Taluk a, Sind. — The cultivation 
of tobacco at several places in tlie Halla Taluka of Hyderabad 
District (Sind) presents several points of interest. The best land 
found in patches and is practically all in the hands of '‘Baiiia” 
cultivatoi's wh(j I’cnt it from the ^Mahomedan owinu’s and zemin- 
dars at an annual rent of from Rs. 8 to Rs. 10 [)er acre. This 
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land occurs in the courses of old Indus branches or canals and is 
generally fine alluvium. 

Persian tobacco is the variety chiefly grown. 

The following notes are from the report of a farm probationer 
sent to investigate the typical tobacco areas. 

Preparation of soil and The cultivators believe 

that if tobacco is rotated with other crops, yield and quality are 
unfavourably affected. Consequently on the typical areas, tobacco 
is grown year after year. The preparatory tillage is thorough and 
is a great contrast to ordinary Sind cultivation. After a gooa 
tilth is obtained, the land is thrown into ridges from liG indies to 
30 inches apart, and the ridges are then flattened down on the top. 
The preparatory cultivation begins when irrigation water is 
plentiful with the Indus flood. 

Manuring. — Large applications are given and ’^00 donkey 
loads per acre is common. Goat manure is in all cases prefcrnMl, 
and this is carefully saved and generally commands a high price. 

Seed-heds. — For this purpose sheltered land is selected to 
protect the seedlings from the hot winds in May and June. The 
soil is well prepared and ridged with narrow ridges. The seed 
is sown in these seed-beds, when water is available generally in 
the end of May or beginning of June. It is mixed with sand or 
ashes and sown on both sides of the narrow ridges. The beds arc 
well irrigated in the furrows. The seedlings are transplanted 
when 5 inches to G inches high or from 40 to oO days after 
sowing. 

Transplantatioru — In the beginning of July, the fields are 
ready for transplantation, and the seedlings are removed in baskets 
with moist earth round them. They are planted on both sides of 
the ridges alternately, not opposite each other, about t foot apart : 
while young, they are watered frequently, but care is taken that 
the water I'uns along the furrow but does not touch the plants. 
The irrigation is continued for about three months. 

Hoeing and top / ring, -- -iJuiil the leaves of the plants spread 
out considerably, weeds are kept down by frequent hoeing with 
the “kodars.” The plants are to[)pcd just before flowering. 



NOTES. 


87 


about three inches of the leading shoot being cut off. This is 
usually done about six weeks after transplantation. The leaves 
are tlius strengthened, and the plants are prevented from running 
to stem. They are generally allowed to reach a height of l)etween 
:} feet and 4 feet. Among careful cultivators subsidiary shoots 
from the lower portion of the stem arc picked off every week. 
This helps the development of the main leaves. 

H arrest . — The crop is cut in October, generally in the early 
morning while the dew is on the plants, by stripping off the 
leaves as they mature. These leaves are spread on a threshing 
lioor in the sim for a couple of weeks. The}" are then collected 
and put ill small heaps for a tew days till quite dry and then 
covered with mats and sti’aw and pressed down by stones or 
othoi'wise. They are fermented in this way for two weeks when 
they are ready for market. 

The stems after the leavers are cut send out tiower stalks, and 
these produce se(xl which is gathered for the next years crop, 

Oatbn'n . — A good crop on the lands above referred to is 
about 'JO maiinds (of 81 lbs.) per acre of cured leaf while 25 maunds 
is considered a ‘‘ bumper” crop. The wholesale price is usually 
about lls. 10-12-0 per inaund. — (G. S. Henderson.) 


The Cl’ltiv.^tion of Turmeric on the Foot-hills of Toungoo, 
Burma. — The watershed separating the Sittang from the Salween 
in Burma is succeeded beyond its western declivities by a series 
of forest-clad hills and dales commonly known as the ‘‘ foot-hills ” 
of the range. 44iis tract is intersected by winding streams 
whose waters are clear in the dry months of the year. In the 
Fains, the waters of these streams carry a good deal of silt which 
tei’tillses the cultivated lands of the valleys of this region. 

The light-free sandy loams overlying the reddish and 
yellowish sub-soils of the Toungoo District in Burma are prefer- 
ted by the Shans for the ciiltivati()n of turmeric and most other 
oops. The humid atmosphere of these parts favours the growth 
nl the ordinary cro])s. 
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Turmeric and other crops of the same order grow luxuriantly 
in shady spots. 

Wild turmeric and ginger are indigenous in ever-greeii 
forests of Burma. The economic uses of these plants are few and 
local. The leaf shoots, steins and root stocks of the pungent 
and fragrant varieties enter into the varied diet of the Shans. 
Some varieties are only used medicinally. 

The cultivated kinds of these two crops are grown by tlie 
Shans with care separately. A mixture of other crops is usually 
grown. 

The following is a brief description of the method of growing 
turmeric by the Shans : — Rhizomes of tlie plant are selected at 
harvest in December — January for planting in the following 
season. They are stored under soil and are kept there until the 
planting season, x^pril— -May. The plant is practically dormant 
ill the season intervening between harvest and plantiiig-tiniu, 
therefore the buried rhizomes, though sometimes w^atered, do not 
send up shoots or suckers. They lie dormant through the rainless 
months ; at planting time they are unearthed and broken up intu 
sets of suitable size. 

The crop is sometimes grown on newly cleared land, in 
which the trees are felled and burnt. The larger logs and stumps 
that survive the flames are allowed to lie upon the land. When 
the South-West monsoon rains set in, holes from three to six 
inches in breadth and depth, are dug uniformly with a narrow hoe. 
a foot or fifteen inches apart. Into each of these pits, one or 
more sets are planted, covered with earth and pressed down by 
the foot of the planter. The cro[) is weeded once or twice, but 
no other cultivation is given. At harvest, the rhizomes are dug 
up and stored for seed or prepared for market. Those intended 
for sale are carried in baskets to the nearest stream and thoroughly 
washed. They are then boiled in spring water, until they yield 
to pressure between finger and thumb. After this they are 
thinly spread out upon mats to dry thoroughly in the sun. They 
are then sorted into difterent classes and stored in bamboo baskets 
for use or sale. 
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On the foot-hills of Toungoo, three kinds of turmeric frequently 
occur side by .side over one and the same clearing or field. They 
are : — 

(1) San-^vin-gale, the ‘lesser turmeric,’ 

(2) San-win-gyi, 'the greater turmeric ’ and 

(3) San-win-pyi, the ‘ white turmei-ic/ 

All three kinds have broad light green leaves that stand from 
three to live feet above the ground. The rhizomes of the first 
command the best price ; those of the second ai-e comparatively 
coarse; while those of the third, unlike the root-stocks of tlie 
first and second, contain no yellow colouring matter and have, 
therefore, been named ‘ white turmeric ’ by the Shans. The 
plant is not regarded as turmeric in the sense in which (1) and 
(2) are, though it too is a species of nrri amu. Its rhizomes, 
when cut, show a buff-coloure<l surface and, when crushed, emit 
a remarkable odour somewhat resembling that of mangoes. The 
plants of this kind are pulled by the planter as they are believed 
to injuriously affect the rhizomes of the better kinds, ibis 
variety may, however, have special merits which at present are 
not understood, but which recpiire investigation.— (A. M. Sawykk.) 

Preparation of Vineoak from Sugarcane Jcicb carried on 
AT Xavasar], Billimora and Bulsar. — The Mobeds (Parsi 
Priests) of Navasari (Surat District, Bombay) purchase cane 
jnicc from the cultivators of the adjoining villages of At, Ethan 
Mandir, Kachhiawadl and Jalalpur for the purpose of making 
viiie<^ar. The crushing season begins generally in the middle 
of December and lasts up to the middle of Maich. The juice 
is sold in tubs ; the capacity of each is 52 gallons. The juice is 
not weighed. 

The Mobeds of Billimora and Bulsai' get the caue crushed 
ill their presence. Special attention is paid to the iollowmg 
points : — 

(«) To get concentrated juice containing a large percentage 
of .saccharine matter ; 
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(h) Cane crops which have been recently irrigated are 
rejected ; 

((') the to[) and the butt portions of canes are removed before 
the canes are crusJied. 

The Mobeds of llilliinora and liulsar do not sell fresli 
vinegar, but allow it to remain for some irionths to make it 
strong. This vinegar fetches a higher price than that made at 
Na Vasari, because at the latter place tlic arrangements referred 
to above in connection with the crushing of canes are neglecTed. 

The juice is brought in large vessels to the karkho/ua, and 
filled into jars to three- four tl is of their capacity. The mouths 
of the jars are covered with cloth, and are then kept exposed 
to the sun, so that fermentation may begin. When froth appears 
on the surface, the jar is opened, and the juice is strained through 
a piece of clotli into another jai*. This straining accelerates tlie 
production of vinegar. Straining is rc(|uired every eighth or tenth 
day after the froth appears, but later it is required about every 
fortnight till the juice turns into vinegar. Vini'gar is produced 
usually ill 3 to ok months ; but the time depends upon the c|uality 
of the juice and upon tlie character of the season. The warmer 
the weather, the quicker tlie vinegar is prodiuicd. II safiicieiit 
time is not given, tlie change from sugar to alcohol and alcoliol 
to vinegar is not complete. The juice containing a large 
quantity of sugar turns (juickest into vinegar by the above 
described process. 

Fifty-two gallons of juice yield from about 32 to 3fi gallons 
of vinegar. Vinegar is occasionally prepared from the scum ob- 
tained from the boiled juice of sugarcane. This scum ferments 
soon and can be quickly converted into vinegar. 

Vinegar is sometimes prepared from dates tor household 
use. The extract in water from tlie dates is allowed to ferment 
in vats. When fermentation sets in, the liijuld is strained 
through a piece of cloth into another vat. Straining is done 
every eighth day or so, and in about tliroe mouths the product 
becomes vinegar. V^inegnr prepared from dates is said to bo 
excellent in flavour and strength, and commands a high price. 
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The vinegar manufactured at Billimora and Bulsar ohtain.s 
a liigh price. A cwt. is usually sold for Rs. 8 or 0. ViTicgar 
prepared at Navasarl is sold usually at Rs, 3 per cwt. These 
rates are wholesale. The retail rates are about Rs. 18 per cwt. 
fci’ Billimora and Bulsar vinegar and Rs. 6 to 7 per cwt. for 
Navasari vinegar. 

P/vr(tss of niakiiifj cnayar. — In tnahiiig vinegar from cane 
juice earthen jars are chietly preferred. There are other niean.s 
which are not so cheap or desirable. 

Jars. — There are two kinds of jars made oi* loicva eartlien- 
ware, one having a capacity of ab(jut *20 gallons and the olhei* 
of about 45 gallons. 

The price of the former is about a ru})ee and that of the 
latter from Re. \~H to Rs. 2. Before the sugarcane juice is put in. 
these jars are plastered inside with lac. 

Jars can be used for manufacturing higli class vinegar for 
about five years only. Xavasari maiiufaetures vinegar on a large 
scale and exports the whole cjuaiitity in hogsheads to Bombay. 
A small portion is .sent t(j Ahinedabad, Broach, Surat, etc. Tlu' 
vinegar manufactured at Billimora and Bulsar being of good 
([uality is sent inland as far as tin' Central Provinces, Central 
India .and X^ortheiai India. 

Uses . — Vinegar is chietly used in India by Europcan.s, Parsis, 
and Mahoinodans lor piekles, vltatnis and such like. It is also 
used by Hindus as a medicine. In high fever it is prescribed as 
a cold outward application. It is also given to cattle. 

Preparatiun of Vhiepar in the Sinnt DUtrui frorn Pahns. — 
Vinegar is prepai'ed from the jui(‘e of palm trees [Borassus 
fiaUIlifer) in tiie villages of Bhatha in the Chorashi taluka and in 
the village t)f Damka of the Olpad taluka. A man is given 30 to 
40 trees growing in one place for tapping during the season and is 
paid at the rate of Rs. 10 a month or a part of the net profit. The 
Government duty is Re. 1-8 ])er tree for nianufaeturiiig vinegar, 
lu the year 1907-8, about 200 trees wei’e given in each of tin* 
talukas for the manufacture of vinegar. The trees when alxait 
hlteen years old are ready for tapping, and they live for 00 years. 
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There are two seasons when the palms begin to throw out 
flower stalks: (1) about October and (2) about February. 

The sap is extracted from the flower stalks. Both the male 
and the female trees are tapped for their juice. In a male tret 
the finser-like clusters are first beaten with a stick alonor their 
whole length and then tied together ; while in the female, the 
flower stalks are first strongly tied to check their further ex pan* 
sion, and the embryo is crushed. Thin slices are every day cut 
off from the ends of these stalks for about ten to fifteen days till the 
sap begins to How out. When the juice begins to flow, the finger 
of the male tree and the spike of the female tree must have theii‘ 
points cut every morning and evening. The juice as it oozes out 
is collected in earthen chatties placed over the stalks in a slanting- 
direction and covered with sheaths of straw. Every morning the 
chatties are emptied and replaced, the stump cut until the whole 
is gradually exhausted and cut away. The average yield of a tree 
per year is calculated to be 60 gallons of juice. The female trees 
yield much less. 

The tapping operation, though slack in the I’ainy season, goes 
on for ten months of the year and gives employment to the pro* 
fessional workers almost all the year round. A tree continues to 
yield for four or five months. The juice ex trailed from the palm 
trees is believed to be purer and cleaner than that fi’om the 
sugarcane. 

Preparation . — Vats are filled to three-fourths of their capa* 
city with juice and their mouths covered v itli cloth. They are 
put in the sun for fermentation, which sets in in about six to eight 
days, and when the froth appears on the surface, the stuff is 
strained into another vat. Straining is done every sixth or eighth 
dav, and in about a month and a half the [)roduct becomes 
vinegar. The period required for fennentatiou depends on the 
temperature prevailing at the time of the year. The vinegar is 
put in a wooden cask and sold. The wholesale rate of vinegar 
prepared from toddy is about Rs. 2-8-0, and the retail rate about 
Rs. 5 per cwt. This vinegar is exported to Bombay, Ahmedabad. 
Baroda, Ajmere, etc. Vinegar prepared from palms does not 
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generally keep well tor more than two years as it is not ,stroni»’. 
It has a dirty white colour, wliilst that prepared from su^-areane 
juice has a reddish colour. 

The total quantity of vinegar prepared in the Chorashi 
taluka was h,861 gallons in the year 1907'8, and that prepared 
ill the Olpad taluka was 3,1 9f) gallons only as the work of the 
latter depot lasted only for five months. One hundred gallons of 
toddy palm juice give about 7 a gallons of vinegar. Ahnegar is 
known in Gujrati and Hindustani as ,S/o7ive~~(r). P. JIankad.) 


The Singhaka Nut. — Smghara ( I rripci hi.iprnosQ ) is a herl) 
tound floating on tlie surface of tanks, lakes and pools throughout 
India and Ceylon and is eon nn only found in tlie Madras Piesi- 
deney. The nut of this plant is used as a food in Knshinir and 
the north of India, but in Madras it is practically unknown, 
although some of the poorer classes may occasionally be seen 
eating the boiled kernel. A sample of the flour ])repare(l from 
the kernel gave the following analysis : — 


Moisture 



... 10'20 per cent 

Ash .. 



:r22 

Crude fibre 



lr)3 

Oil and extractives 



60 

Reducing sugars.. 



... Heavy trace. 

Other sugars 



... 2‘52 per cent 

Starch ... 



72-44 

Proteids (N \ 6'25) 



8-78 




99-20 

Pgtb ... 

... 


■846 

K,0 

M. 

... 

*931 

NA,0 



‘334 

Nitrogen *** 


... 

... 1-404 


The flour was found to be devoid of gluten, and tlierefore 
could not compare with wdieat flour from the point of view of 
bread-making, but it would answer the purposes of mucli native 
cookery. 

The proteid content is about equal to buckwheat flour, is 
higher than barley and Indian-coru flours and is lower than 
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wlioHt and rye dour.s. The crude fibre value is high, but this is 
due to the sample containing coarse substances derived iVoin the 
integument of the nut and which would be reinoN'ed by the 
simplest bolting” process. 

The starch consists of separate ellipsoidal grains with a 
central hilum, which rarely forms a cleft. The polarization 
crosses are very distinct and a brilliant display of colour is 
produced by a selenite plate. The size varies from 8 to 40/«, 
the common size being about 34 

According to the Dictionnrji of Economic Frodods, the 
plant is largely cultivated in Kashin ii* and the north of India, 
and in the former place forms the sta])le food of 30,000 people 
for at least several months of the year. 

The kernel is rich in starch, resembles the chestnut in 
Havour, and can eithei’ lie eaten raw or cooked. 

The cultivation is not attended with any great difficulty. 
Towards the end of January the seeds are scattered on the 
.surface of the water, where there is no chance of their drying up 
before the rain.s, and then pressed into the mud wliei'e they soon 
begin to shoot. In June any excess is thinned out and trans- 
planted. In October tlie nut forms below water and the fruit is 
gathered in November and December. 

In view of the fact that tlie nut is nutritious and is common 
througliout the country, its cultivation may be I’ecom mended as 
forming a standby in bad seasons wlien crops might altogether 
fail.— (W. H. Harris^lx.) 

* 

Ftshtxg Industry in Madras. — Sir F. A. Nicholson, k.c.i.k., 
j.c.s,, whose Note on Agriculture in Japan” was reviewed at 
some length in a previous number of this Journal [A. J. 7., Vol. 
Ill, Part I), has recently published the final results of his 
preliminary investigations in regard to the establishment of a 
Marine Fisheries Experimental Station in the Madras Presi- 
dency. ‘‘ We want to develop,” says Sir Frederick, gradatwi 
et pari passu, the fisher folk, the fishing industry, and tlie fishing 
trade, b}’' methods which will not necessarily reduce their position 
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tt) that of hired labourers under capitalists (Kur(j[)eai] or other- 
wise)/’ 

The present fishing industry in Madras is almost entirely 
inshore” fishing and will Jiot therefore be affected by the investi- 
oations which will be concerned with deep sea” fishing beyond the 
three or four-mile limit. The principal object of the investigations 
is to provide cheap food to the ‘‘75 to 90 per cent, of tlie population 
who will always eat animal food if they can get it, but who can- 
not aftbrd more than 2 annas or so per pound for good solid nutri- 
ment, and even less for ordinary fish or flesh.” As It is^ a very 
large proportion of the fisli tliat is exposed in markets is tainted ” 
and unwliolesome. The enquiries of the Experiment Statical 
will, therefore, among other things, be directed to the preservation 
of fisli, not by expensive European processes, but by indigenous 
methods, such as preparation with tamarind, tm-meric and red 
pepper. The question of rapid transit will also receive consider- 
ation. 

Several useful industries connected with the by-products of 
fisli (oils obtained from the hlnbbei*. tlie skins, sliells, etc.) arc 
successfully carried on in America and I'epresent in value an 
annual outturn of over 10 million dollai’S. It is natural that 
the Experiment Station slmuld also concern itself with these, 
and Sir Frederick Nicholson I'ocommends a set of tools and 
plant for tlie manufacture of pearl buttons. His observations 
in regard to this indust ly are of interest. “It is not generally 
known,” he writes, “that [learl-shell, a by-]n‘oduct of the pearl 
fisheries, is exported from Ceylon in enormous quantities every 
year; in 1900 tlie export was lO.SOO cwt., of whicli Genuany 
took more tliaii half, Japan about 1,150 cwt., and Great Hritain 
only 922 ewt. ; in ten months of 1907 tlie exports wei^e 10,o75 
owt., of whicli Geianany took 7,002. Tliese are for common 
pearl button-making, and of course only perfect sliells are wortli 
sending ; allowing for breakage and useless portions, possibly lialf 
of the weight of the shell is actually utilised for Initton-inaking, 
so that freight and other charges are paid on a mass of useless 
material. The sliells are sent in bags or wooden cases ; if sent in 
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Imgs, the [)acking cost \h less than If in oases, ljut l)reakage is 
considerable^ But it actnaliy pays to send pearl oyster shell, say, 
to Germany and the United States of America, to pay cost ot 
packing, freight, breakage, agency charges, etc., and to*work them 
with expensive Itfljour into cheap pearl buttons* which are again 
sent out here for sale. This is one of the absurdities or scandals 
of Indian industry : there is little odterprise. knowledge or 
capital needed to start this business in India (or Ceylon) and to 
save all the Intermediate cosft, while promoting a new industry 
which ought not merely to supply India, but Europe, with 
buttons. In the case of India, a supply of shell, wlien our own 
supplies are exhausted, could be brought over to Tuticorin, etc., 
by native craft at minimum cost, especially by Kilakariai boats 
returning from pearl tisliing, and‘it is to be noted that whereas 
only perfect shell can be sent to Europe, there are millions of less 
perfect or partly broken shells, whicli are perfectly available for 
working u]) on the spot.” — ( C. S. Raohuxatha Rao.) 

->(■ 

The Txdiax Pens. — Pens in conimoii use in the vernacular 
schools of the Bombay Presidency are made from the culms of 
(1) Andropogou Jiakpensis, Brot., which are white, soft and solid. 
The plant which is very cheap is abundant on the banks of tiie 
Deccan rivers in shady place .s and is also found in large quantities 
on moist lands in the Konkan and Gujrat. 

The culm of another grass which is black and hollow is 
also sold in the bazaars for making pens. Its '' pith ” being very 
.scanty comes out in a sti’ing from the centre. The end is cut in 
the slanting direction. Enquiry has shown that this materia! is 
not iiidi 2 :enous but an exotic from China. 

Another kin -hollow, hard and more durable than the abovf 
two — seems to be produced from a species of bamboo and is 
also an exotic from China, [t is often vised by the Bombay 
merchants. In Giijrat and Kathiawar people also use the 
culms of Plmragmites karka, Trin., locally known as Achhnt 
(Gujrati). 
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Pens are also made in tlie Haverl taluka of tlio Dharwai' 
District from the ujidrih of the leatiets of C a ryot a irrerif^, Jactj., 
locally known as Bagani gakuju (Canarese). 

The pen fern from th^ Darjeeling' District in Bengal is 
frlrklienia linearis, Beckl. 

Pens are sometimes made of thin jowari stalks wlien reeds 
are not easily available. Being soft and pitli v they soon wear away. 

Pens are also made of porcu})ine (juills. The use of the quill 
leathers of birds wbicli is slowly Llisa|>pearing is an old indigenous 
practice.— (G. B. Patvardiian. ) 


Annatto. — Annatto is em})l()yed as dye for calico, .silk, 
woob skins, featlier, ivory and bone and in colouring butter and 
cheese. It produces a fast colou]- of both yellow and red tints, 
The plant (Bixa Orellana) is a native of AVest Indies and othei’ 
parts of tropical America. 

It is a shrub or small tr('e of very branching habit of growth 
and attains a height of 8 to 12 feet. It is a hardy plant and 
fruits very freely in the jjlains ni‘ India in any ordinary soil and 
climate. 

The fruit is a capsule which, when rip(‘, splits into two valves, 
on tlie inside of which arc attached seeds co\ered yith a thin 
coating of reddish wavy pulp. This waxy substance contains the 
colouring matter known as Annatto. 

The dye is extensively used for colouring butter and 
cheese in nearl^^ all countries, for which purpose in India 
the seeds are ground to a fine ])owder and soaked in pure 
olive, sessamum or safflower oil. The extract is then strained 
through fine muslins. 

The plant is propagated from seed which should be sown in 
a shaded nursery. When the seedlings are about foui mouths 
old, at which time they should he (> to S inches high, the\ 
'^hould be transplanted about 12 feet apart, if the soil is 
good. Pits should be dug out to a depth and diameter of 18 
inches for each seedling. 
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Fair crops may be expected in three or four years, but it 
takes longer to get a fully established plantation. 

In India the plant has been grown chiefly in Government 
gardens. It is a plant of considerable economic value and should 
be more widely cultivated. 

The seeds, when ripe, should be extracted from the capsules 
and dried in the sun. They may then be steeped in very hot 
water. By stirring, the waxy testa is then washed off from each 
seed. After some days the whole mass should be strained. The 
liquid should be allowed to ferment for a week and then the dye 
matter settles. The clear water should then be poured off, and 
the dye dried in shallow pans. When the substance is semi- 
hard, it may be moulded into rolls, wrapped in Banana leaves, and 
then becomes the ordinary Annatto of commerce. 

In Jamaica, Annatto is an important export, almost entirely 
produced by the peasant class. These exports are increasing and 
go chiefly to the United States, — (Editor.) 

* 

* *■ 

Indian Sugar Industry. — The Bombay Department of Agri- 
culture have lately issued a leaflet about the relative profits of 
making Gur (crude sugar) and of making refined sugar by the 
Hadi process. It shows that in the present conditions prevail- 
ing in the Poona District it pays far better to make Gur than to 
manufacture sugar. The initial cost and recurving expenses for 
upkeep of the plant required in Bombay for Gitr-making is much 
less than that required for the Hadi process. The net profit per 
acre of cane made into Gnr was also found to be larger. The 
reason is that Gur in Bombay commands in most seasons a high 
market rate because it is suitable for certain kinds of Indian 
sweetmeats and cookery. — (Editor.) 

* 

New Plough for Sind. — On the Mirpurkhas Farm the 
following form of wooden plough has been found to do very good 
work. It is a slight modification of the indigenous wooden 
plough of Egypt. With perennial irrigation, where the land 
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fnn always be softened by water, it is a most efficient implement. 
Along with the leveller or “ghasabiah ” it forms practically the 
whole stock-in-trade of the Egyptian cultivator. It has there 
held its place in the estimation of the cultivator against repeated 
attempts to introduce iron ploughs. The broad share deals 
effectively with weed.s. The sharp-pointed Sindhi plough, on the 
contrary, is very apt to miss a considerable number of these, and 
III particular often fails to pull up the very troublesome creeping 
stems of kull” and other plants. 



Kig. 4. 

The pole is made of jarrah or any long 
-rained wood and should be about 11 feet long and 4 inches broad 
and 2|- inches thick. The body is of babul wood, about ‘6 feet 
t) inches long. The body and pole are dove- tailed into each other 
arid fastened by a moveable bolt. The handle is fastened to both 
end.s of the body, leaving the pole free to move on removal of 
bolt. Halt way along the i)odyaniron bar is fastened through the 
body, and goes through thepole. Atthe top of the iron are several 
holes by means of which the angle between body and pole can be 
regulated. The share is inches broad and spear-shaped, being 
fastened to end of body. The total cost of construction, includ- 
ing labour and material, is between Rs. 7 and Rs. 8. 

Demonstrations of this implement are being arranged to be 
held in each Taluka town, when a sufficient supply of implements 
bas been made. 
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Rvlgiruj . — For ridging uj) land a ])ioco of wood of tlie foll<»\v 
ing shape is inserted behind tlie iron bar : — 



Fic. 

Genera! tV.— The cost of ridging witli tlie plough i.s ver\ 
eonsiderably cheaper than the same woi’k done by liand with the 
kodar/' With a couple of ploughiiigs, any land should be in 
sufficiently good tilth for ridging n\). It is essential for tli(‘ 
proper growth of Egyptian cotton and all other crops that the 
laud must be in good tilth and properly cultivated, and this can 
be done probably bettor by means of this plough, than by employ- 
ing an expensive English iron one. It has an advantage over 
the latter, in that the cultivator takes to it naturally. He has m 
difficulty in holding it, as he has with the two-handled })lougli. 
On the other hand, there are several makes of light ouediandled 
iron ploughs having wooden poles. These liave, however, been 
found ([uite unsuitable for this class m* hard soil, it being alnios! 
impossible to keep them in the ground. 

In comparison with the Sindiii plough, thougli slightly 
heavier in draught, it will do a half more work and go a couple ol 
inches deeper. The dimensions given above were adopted for 
ploughs worked by cattle of the Cutchi or Guzerati type. The sizes 
may, however, be varied to suit smaller cattle. — (G. S. Hendfrson. ) 

* 

^ * 

The Bengal Agricultural College.- -On Monday, August 
17th, Hi.s Honour Sir Andrew Fraser, Lieutenant-Governor el 
Bengal, laid the foundation-steme of the Bengal Agricultural 
College. The occasion was a note worthy one, marking as it doe^ 
a further advance in the policy ol agricultural development 
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inaugurated under Lord Curzon’s regime and in the scheme of 
Provincial Colleges for ngri(mltural education and research, 
throughout India. 

The Bengal College is not the farthest advanced of these, 
although at the time of the fouudation-stoiie ceremony it was 
well above ])linth level. It is, however, h()}>cd that it will soon 
1)6 coni pie te for the reception of students. 

^[eall while the European stah*, consisting of the Principal of 
the College who will have charge of the agricultural section and 
will ('ontrol the general work of the College, is on the spot. 
The Economic Botanist and the Agricultural Chemist are also 
already at work in temporary laboratories, and doubtless will 
take in hand the planning and fitting of their perinauent labora- 
tories and such preliminary investigations in their respective 
lilies of work as may be possible. The Priiici[)al is gaining local 
knowledge as to the ways and means of practical agriculture in 
Bengal and is laying out his College farm. 

Tlie College is charm ingl}^ situated on an elevated site at 
Sabaur, about five miles from Bhagalpur. Three hundred acres 
of land have been aojuired, 170 of which will be devoted to farm 
pur j loses, and the I’eiuainder for the College and other necessary 
buildings and for a garden of plants of economic value in Bengal. 

The East Indian Railway runs through the })roperty which 
is thus extremely easy of access. 

As an experimental and demonstration farm, the site selected 
leave.s little to be desired, providing as it docs conditions of .soil 
and climate under which almost any crop typical of the plains 
portion of the pniviiice may be grown with average rainfall helped 
by irrigation from wells which can be profitably ai'rangcd for. 

The function of the College will be similar to that of the 
other provincial institutions throughout the country. It will 
provide a centre where the many scientific problems affecting 
agriculture in Bengal may be investigated and from wliich the 
practical results of such investigations may be disseminated 
^^'oougst the people, whilst, at the same time, providing that 
.^t’oundiiig in general agricultural education and the cultivation of 
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the scientific habit of mind, which are so essential to a propei' 
appreciation and utilisation of such knowledge. 

It has been wisely recognised by Government that the 
problem of agricultural improvement as it affects the whole of 
India is too vast a one to be dealt with at any one institution, 
however fully staffed and equipped it might be. Apart from the 
educational aspect of the matter, which can obviously only be 
dealt with under local conditions, it is in the highest degree 
advisable that the work of investigation should be carried out all 
(^ver the country so that problems of local importance may receive 
adequate treatment. A central institution such as Pusa provides, 
can then perform the necessary function of co-ordinating the 
various results obtained and advising the application of knowledge 
gained in one quarter elsewhere, whilst simultaneously perform-, 
ing its main function of conducting research on problems of 
general application to India. The relative position which should 
exist between the provincial institutions and the central one was 
aptly expressed by Mr. W. R Gourlay, the Bengal Director of 
Agriculture, in the speech in which he opened the proceedings at 
Sabaur. In the course of explaining how it was found that 
although Pusa was situated in Bengal it would not meet the 
needs of the province either in the matter of research or of 
education, he said i — “ It was recognised that Pusa must be aa 
international institution whose main object is research, and that 
it would be unwise to hamper the Imperial experts with the 
duty of elementary teaching. Their undivided attention must 
be given to solving the greater problems of agriculture so far as 
they affect the whole of India, and whatever teaching is under- 
taken by them must be of an advanced nature with a view to 
training the best graduates of the Provincial Colleges to hold 
the highest positions in the Indian Agricultural Service, so that 
in time India will require few experts from outside.’* 

It is hoped to attract the sons and agents of the Zamindars 
and the members of the hereditary cultivating classes of Bengal 
to the college at Sabaur and to work through them to the ryot 
and to all sections of the agricultural community. Again, i" 
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quote Mr. Gourlay ; An Agricultural Department in India 
differs from a similar organisation in Western countries, in that 
the latter is the outcome of the spontaneous demand of the 
cultivattu’S, while the former has been created from above, and 
the gap between the department and the people to benefit wlioin 
It has been created has to be bridged. The Agricultural College 
is the main arch of this bridge and the Agricultural Associations 
are its buttresses. The natural sequence of the department will 
first be research and experiment and then demonstration to the 
people ; while research and experiment are being carried on, the 
training of the men to carry the results to the people will be 
done at the College, and we hope to train in this institution men 
who will go forth to every district ot the province equipped with 
a scientific and practical knowledge of agriculture. These men 
will form the centre from which the achievements of the depart- 
ments for the benefit of the cultivator will be spread far and wnde 
throughout the laud. We look forward in time to having one 
such expert in every sub-division surrounded by an agricultural 
association of all the best cultivators of the country.” 

If these hopes arc realised, then the foundation of the 
Agricultural College at Sabaur will indeed prove a land-mark 
in the advance of the welfare of the cultivator in Bengal.” — 
(C. J. Bergtheil.) 

« 

* 

Cardamom Cultivation in South Mysore. — Mr. D. J. Evers 
is the writer of an interesting article on this subject in the 
November number of the Indian Forester. Various kinds 
grow luxuriantly, particular!}^ in moist places in the Forest 
ghats of the Mansarabad and Belar Taluka ot the Hassan 
District. The plant is said not to thrive on Southern and 
Western exposures. It comes up spontaneously in the ghat 
forests when light is admitted by the felling of some large trees. 
The general belief is that the seed which induces such growth 
is disseminated by monkeys and rats. The cultivation by some 
planters is considerable ; nearly all coffee estates have fair-sized 
areas under this crop on partially cleared forest land. 
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There are two methods of cultivation : (a) the method adopt- 
ed by Brook-Mockett and Middleton, the two largest planters, 
and (/>) the Coorg system. In the former the forest is thinned 
out to admit sufficient light, and nursery-raised seedlings are 
used to plant out the cleared area. The crop begins to yield in 
the third or fourth year and is in full bearing in the fifth or 
sixth. Irrigation, if available, is useful at some seasons ; weed- 
ing is recpiired. In the Coorg system, small detached areas on 
which the plant has come up naturally are carefully selected. 
Ill February-March, small trees, two to three feet in girth, and 
brushwood arc cleared. The forest leaf canopy should not be 
too dense, and it may be necessary to fell one or two lar^>‘e trees 
across each plot. The seedlings make their appearance soon 
after the first burst of the monsoon and by the close are three or 
four inches high. At the beginning of the following monsoon, they 
are thinned out where overcrowded and vacant spaces are stocked. 
The plants yield in the fourth or fifth year according to the 
richness of the soil. They continue to produce good crops till 
the fourteenth year, when they begin to decline and die. Then 
the soil has to be renovated by felling one or two big trees across 
each small plot. The Coorg system does least harm in the 
clearing of valuable trees. 

There are two methods of drying the produce, [r?,) spreading 
it on mats or in trays and exposing it to the sun, and (?>) drying 
it over a slow fire. The oven is a long, brick and mud structure, 
the roof of which is either flat and formed of zinc sheetino’ or a 

o 

hollo wed- out trough. The fruit is spread over the oven until suffi- 
ciently dry. After the fruit is dried, the stalks are cut off and the 
produce is ready for sale. Cardamom is largely sold locally and in 
winter a class of people called from South Canara, buy 

up large quantities. The Hindus pickle the tender green fruit : 
when dry, it is much used in confectionery. In Coorg, the Forest 
Department cultivate cardamom. — (Editor.) 

* » 

Opium in Persia, —The cultivation of o[)ium in Persia has. 
within the last twenty years, spread from the Provinces of Jezd. 
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Keruian and Ispahan over the whole country, and now occupies 
a considerable area which was formerly devoted to wheat. There 
is an increased consumption among 20 per cent, of the population. 
The crude opium is collected from the capsules in the common 
Indian way. 

For home consumption as well as for export, it is boiled 
down by slow tire and extensively mixed with various ingredients 
which include grape juice, wild Ym(Ri(ta ,'<ylcislris) and sarcoculla, 
a resin of Pance mfh'ronfdfi. 

The export trade is increasing and the whole trade is very 
considerable, but no definite statistics are available. — (Editor.) 

* 

* * 

Poppy Cultivation in Arohanistax. —Poppy has apparently 
begun to be extensively cultivated in Alglianistan. In l‘J(J6-7. 
Afghan opium was first imported into the Punjab through 
Peshawar to the extent of 12.5 cwt. The quality is reported to 
suit the taste of consumers, and to some extent this opium takes 
the place of Mahva opium. The traders who have dealt hitlierto 
in Mahva o])iuiu have probably found in Afghan opium a good 
paying article of which tliey can push the sale ; and the imposition 
of adequate taxation upon it may be a matter of importance 
before a large trade develops. — (Editor.) 

* * 

WelL'Eorlno. — Mr. Alfred Chat ter ton, Director of lie 
dus tries, Madras, and uiitlior of the well-known woik on Lift 
Irrigation, has sent to the Press the following interesting note 
on the subject of welhboring : — 

“ When the construction of a well is uiiderlaken, there is 
almost always some uncertainty regarding the \oluiiie of tlie 
water-supply that will be obtained. This is due to the fact that 
what lies below the surface of the ground is always more or less a 
matter of conjecture. In some cases our knowledge of the subsoil 
is sufficient to render the risks (^f well-sinking of no practical 
importance, but in the majority of cases it is otherwise, and a 
preliminary examination ot the ground, if it can bo made at 
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comparatively small expense, is of distinct advantage. This can 
be done by boring or jumping a hole of small diameter to such 
depth as is necessary with the aid of specially constructed tools. 
The material removed from the hole affords information as to the 
nature of the strata through which the well will pass, and this 
information, studied in the light of the exjierience which has 
accumulated from the sinking of many thousands of wells, enables 
us to form a fairly accurate idea as to the quantity of the water 
likely to be obtained. Where the subsoil is soft or sandy, the 
hole must be provided with an iron liner to prevent it from filling 
up as fast as it is made, but where the hole is in stiff clay or 
rock, the boring work can be done without any such artificial 
support 

“ In a brief note it is impassible to describe in detail the tools 
employed, but it is not difficult to explain the principle upon 
which they work. Just as a hole is bored in wood by means of 
an auger or bit, so through the soft strata of alluvial deposits 
holes can be driven by similar tools of much lai-ger dimensions. 
As the ausfer consists of a handle, a shank and the cuttiim ed^ e, 
so the boring tools are similarly constructed. Various types of 
auger head are used and these can be screwed to steel rods which 
are usually 10 feet long and as many as are neces.sary are employ- 
ed to reach from the surffice of the ground to the bottom of the 
borehole. At the top there is a swivel head by which the rods 
can be lifted and the handle of the auger is formed by clamping 
iron levers to the boring' rod at a convenient heiglit above the 
ground, so that men by walking round in a circle caji rotate 
the auger. When the material to be bored through is fairly 
stiff, the auger takes the form of a worm or an open shell, and 
from time to time it has to be lifted from the hole to remove the 
clay which has. gradually worked into it. When the soil i.s of 
a loose character, the auger has to be fitted with a shell above to 
hold the material removed by the cutting edge, otherwise it will 
fall back into the hole whilst lifting the auger to clean it, These 
shell augers are fitted with various shape.s of cutting edges 
de])endijig upon the nature of the material U* he I’eirioved. whicl) 
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may vary from fine sand to soft sandstone. When hard rock has 
to be pierced, rotary tools worked by hand are not effective, as 
the speed of working is too slow and recourse must be had to the 
percussive action of variously shaped chisels for the breaking 
of the rock. The chisel is attached to the boring rods and 
a heavy blow is given by lifting them a few inches and allowing 
them to drop. Care must be taken to slowly turn the boring 
rods so that each blow of the chisel falls on a different diameter in 
the bore -hole. When the chisel has pulverized a sufficient quantity 
of rock, it is withdrawn from the hole and a plain shell lowered 
which collects the mud when it is rapidly jerked up and down in 
the water at the bottom of the hole. To work a set of boring 
tools it is necessary to have a derrick which may be conve- 
niently made of 4 casiiarina poles about *20 feet long. At the top 
of the derrick is fastened a pulley o\ er which the lifting rope 
passes from the swivel head to the winch. This latter may be 
attached to two le^es of the derrick and should have a lifting' 
capacity of at least 2 tons. Besides the chisels and augers there 
are a great variety of tools which can be attached to the boring 
rods, most of which are ingenious devices for removing broken 
tools from the hole. 

‘‘ As the hole proceeds through soft material lining tubes 
must descend with it, and this is usually effected by rotating them, 
their own weight being sufficient to make them descend. If the 
pipes stick badly, a suitable cap must be placed on the top and 
the methods commonly employed in pile driving resorted to. 
If the lining tube has to pass through a laye}‘ of stiff' clay, the 
work is often facilitated by rymering the hole bored out by the 
auger to a larger size. If it is not intended to bore holes to a 
greater depth than 50 feet, a set of tools working a 3 -inch liner 
will be a convenient size to employ, but if the holes are to run to 
a depth of 100 feet or more, the diameter of the lining tube 
should be at least 4 inches. 

“ Where it is known that artesian or sub -artesian water exists, 
it is necessary to use pipes of much largei' diameter if it is desired 
obtain an abundant supply of ^vatel^ 



108 


AGRICULTURAL JOURNAL 0^ INDIA. 


[IV, I. 

‘‘Well-boring has been developed in the French territory of 
Pondicherry much more extensively than in any part of the 
Madras Presidency, and it is possible to procure sets of boring 
tools from the blacksmiths in Pondicherry at very reasonable 
rates. They do not, however, supply tlie tools necessary for 
withdrawing the lining pipes and the sets are therefore not con- 
venient for exploratory work, as in such w'ork the lining tubes 
are usually removed from the holes as soon as the necessary 
Information has been obtained. Messrs. Burn and Co., of 
Howrah, supply suitable sets oi* tools. A set with lining tubes to 
bore a hole to a depth of 50 feet costs about Ks. 700 delivered 
in iladi ‘as, whilst a 4 -inches sot of tools with lining pipes ct)sts 
about Hs, 1,100. Considerable experience is recjuired to make 
satisfactory use of a set of boring tools, and ditticnltie.s and 
obstructions h-ecpieiitly occur which can only be dealt with b}’ 
men experienced in such work. In boring, the tools are subjected 
to rough usage and repairs are fre(|aently found necessary. It 
is therefore desirable to have a fair number of duplicate parts, so 
that the work of boring need not be stopped while re[)air8 are 
beiim effected. 

o 

“ The cost ot boring varies considerably, depending nut only 
upon the diameter of the borehole and its depth, but also upon 
the character of the soils or rucks pierced. In the alluvial 
deposits along the Coast in the Cliingleput District where some 
too boreholes have been put down, the average cost for a 3-iucli 
borehole is about 4 annas a foot up to a depth of 20 feet, tlicncc 
on to 40 feet it costs 0 annas a foot, and beyond that u[j to 00 
feet, 12 annas a foot ; from 00 to 70 feet tlie cost is Re. 1 a foot 
and from 70 to 80 {yet Rs. ! -4-0 a loot. Beyond this depth oiilv 
a few borings have been made and the cost of the work done has 
varied considerably. These rates, it should be pointed out, do 
not include the cost of carrying the tools from (jiie place to 
another. T'liis is a small item when many holes are to be put 
down ill one neighbourhood, but becomes of importance when 
the tools liave to be carried a long distance to bore a simde 
hole. 
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The principal sources from whieli subterranean water can be 
<lerived are beds of sand and rock which is higlily fissured o)* 
partially decomposed. By putting down a borehole, information 
on these points can be obtained and the exact depth at wliich the 
water-bearing strata is met with can l)e easily determined, or its 
absence definitely ascertained. Sometimes in fissures the water 
exists under pressure, and a borehole from the bottom of an 
existing well tapping a fissure will often deliver considerable 
riuantities of water into tlie well from which it can be removed 
either by baling oi* by pumping. Along ceidain pails d the 
Coast, beds of sand are found enclosed between impervious beds of 
clay. Some of these arc of considerable extent and tlnckness, and 
they contain water under pressure. Boreholes penetrating the 
upper impervious laycu' enable the water to rise to its static level 
and, when this is above the ground, fiow takes place and the 
supply is termed artesian. More fro(|uenth" the static level is 
lielow o-round level and the water can only be obtained by sinkiiio- 
a well round the borehole to a few feet below the static ley el. 
Water will then flow into the well and can be removed by baling 
i>r pumping. If the boi'ehole is made sufficiently large, a suction 
[)ipe or puni]) may be put down the hole and the water drawn oft’ 
by lowering the static level in the borehole itself Ordinarily, 
however, borings do not [)eneti‘ate artesian basins, and the 
character of the water-supply likely to he derived from sinking a 
well must 1)6 determined by an examination of tlie matei'ials 
through which the borehole has passed. Gravels usually yield 
water most abuudaiitly, then coarse sand, and lastly, fine saTul. 
When the sand is coarse, or the water-su})ply is derived from 
gravel, a well of small diametei’ will generally yield a largt^ 
(juantity of water, but when the sand is very fine, a well of lai‘ge 
diameter is required to obtain a large supply of water, and tliar 
again is only possible when the bed of sand is of considerable 
thickness. When the borehole has passed through rock and the 
chisels have to be used, no very definite information can be gained 
from an examination of the material brought out of tlie borehole, 
but by putting a tube well pump down the borehole, and exhaust- 
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in or the water we can ascertain the rate of the inflow from the 

O 

surrounding rock into the borehole under a given pressure. 
Apart from fissures, this enables a rough estimate to be formed 
as to the water-yielding capacity of the rock. 

^‘The experience so far gained in the South of India is 
undoubtedly to the eifect that large supplies of water are 
generally only to be obtained fioin beds of sand or gravel, but 
occasion ally wells in fissured rock yield an abundant supply of 
water, whilst percolation wells in porous or decomposed rock 
seldom yield more than moderate quantities of water. That is to 
say, they may yield 3,000 or 4,000 gallons of water per hour, but 
not 10,000 or 12,000. So far the largest supply of water derived 
from any single well in the South of India is 45,000 gallons per 
hour. This is not, however, the limit of the capacity of the well, 
but that of the pump working on it. During the last year or 
two, oil engines and pumps have been installed in many places 
to lift water for irrigation, and the size most commonly employed 
is a 4" pump which will deliver sufficient water for from 20 
to 25 acres. This is equivalent to from 18,000 to 20,000 gallons 
of water per hour, and although there are few indigenous wells 
which will yield this supply, it has not been found difficult to 
obtain it from wells sunk after a preliniinary investigation of 
the ground has been made by the use of boring tools. There 
is undoubtedly a vast amount of subterranean water which has 
never yet been made use of, and to locate it definitely boring tools 
must be used,” 

* 

^ * 

Paper Pclp. — The samples of paper, prepared mainly from 
inegass, exhibited at recent meetings of the Trinidad Agricul- 
tural Society, give promise of an important subsidiary industry 
in connection with cane-growing. 

These samples have been made at the Tacarigua Factory by 
a process of which the Proprietor. Mr, Bert de Lamarre, is the 
originator. 

Various kinds of wrapping paper have since been produced, 
but the bleaching experiments are still in progress. 
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It is expected that for every ton of sugar a ton of megass 
will be available. This works out to an average of about 50,000 
tons yearly for this Colony. 

Allowing 20 per cent, for moisture and waste, there should 
be a balance of 40,000 tons of fibrous material suitable for making 
paper. 

Samples of this paper arc exhibited at the Victoria Institute. 
—(Bulletin No. 60 or Miscellaneous InforMxVTTon. Trinidad.) 

* # 

Date Palm Cultivation. — In February 1908, .seven date 
palms in the Central Jail, Trichin opoly, came into flower, and 
three of them bore fruit. These palms are the product of Muscat 
dates. The seeds were sown in pits dug three feet cube and well 
watered. They germinated in about 20 days. The ground was 
neither cultivated nor manured. In February 1907 three palms 
came into flower, two males and one female. For want of 
artificial fertilisation, the fruit set imperfectly and dropped. In 
February 1908, these three palms again flowered with four new 
one.s, two males and two females, when Mr. H. C. Sampson. 
Deputy Director of Agriculture, Madras, sliowed me how to use 
the pollen by tying up a branch of male flo^^ ers over a female 
inflorescence. On the two artificially fertili.sed trees, the fruits 
set and came to maturity in fairly large quantities ; in the third 
(not artificially fertilised) the fruit set in great profusion, but did 
not ripen and had no seed. OF the three trees that bore fruit, 
two were of one variety and bore long golden coloured dates. 
The third tree bore crim.son fruit which turned brown when ripe. 

At Boce camp, about one mile from the Central Jail, there 
are several hundreds of date trees. The dates are the favourite 
tood of the Boces. These palms look strong and liealthy even 
without cultivation and watering ; their seeds were not sown, and 
the stones grew where the Boces had spat them. The Boccs 
left in 1902, and the date palms are now flourishing at the camp. 
Some of them are well grown enough to flower and are undoubt- 
edly very hardy ; inside the Jail none has died. 
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A curious fuiigus attacks the leaves, but apparently does no 
barm : a few trees were attacked and damaged by boring beetles : 
when the fruit was ri])ening, ants infested the branches which had 
to be protected by linen bags. , 

Stones of both varieties have been collected from the ripe 
fruit and sown ; the y(fung plants from them now look healthy. 
Stones of both varieties were sent to the Central Jails at 
Coimbatore. Vellore and Bellary : and those sent to Vellore are 
repoj'ted by the Superintendent to have germinated. (R. Siiub- 

HICK.) 
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AciRICCLTCKAL KdLU'ATION IN EnOLAND AND WaLES.^ 

The Vlinutes of Evideuce taken betdre the Departmental 
Coniniittee appointed l)y the Board of Agriculture and Fisheries to 
enquire into and report upon the existing facilities for aifording 
scientific and technical insti’uction in England and ^\ ales, which 
has just been published as a Blue Book extending to over 600 pp.. 
contains a mass of information on almost every branch of agri- 
cultural education. The President of the Committee was Lord 
Reay, formerly Governor of Bom hay ' in the course of thirty - 
one sittings held between April 1907 and February 1908. one 
hundred and thirteen witnesses were examined, and among these 
were Heads of Universities, Pi'incipals and Professors of Agri- 
cultural and other (7ollege.s. Exjierts in the various branches of 
applied science pertaining to agriculture, (toveiiiment Officials, 
and Colonial Representatives. 01' these last, two wore from 
India, Mr. H. S. Lawrence. Director of Agriculture. Bombay, 
and Mr. W. H. Moreland, (M.E., Director of the Department of 
Land Records and Agriculture in the United Provinces. 

It is impossible to refer, in order, to the various subjects 
which came up for enquiry or to compress tlie evidence tendered 
before the Committee in the course of a brief review. We mere- 
ly indicate a few salient points in the evidence given by the 
Indian witnesses, and refer incidentally to the progress of 


* Minutes ol' Evidence before the Departmeiiial Committee appointed l\v the Boaid 

'•f Aj^riculture and Fisheries enquire into amt report upon tlie subjeet of Agrienltural 
Education in England and Walett, and Index, Printed by McOorqmxIale A Co,. Ld,. London. 
Hricc, 6*. ‘dd. 
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agricultural education in one or two foreign countries about which 
some interesting information was elicited by the Committee. 

Mr. Lawrence was the first Indian witness who was called 
in, and in the course of his evidence he pointed out, as showing 
the importance which the Government of India attach to agri- 
cultural education, that every officer of the Bombay Civil Service 
was now required, within the first year of his service, to study the 
elementary problems of Indian agriculture during a short stay at 
Poona, and that officers who were appointed as Directors of 
Agriculture were encouraged to go to England in order to attend 
some of the courses at the higher agricultural colleges there. 
The establishment of a readership in tropical agriculture in one 
or more of the British Universities, he stated, would enable such 
officers to benefit by their course. This was a suggestion that 
had emanated from Dr. Barber, the Government Botanist of 
Madras, and Mr. Lawrence considered it an admirable one, if it 
was possible to obtain for the readership one with experience of 
agriculture in a tropical country. Prof Middleton, Assistant 
Secretary to the Board of Agriculture and Fisheries, pointed out 
that the expense of subsidising such a chair would be about three 
or four hundred pounds. If other tropical countries, such as Ceylon 
or the West Indies, who would also be benefited by the establish- 
ment of the readership, could co-operate and agree to a distribu- 
tion of the expense, the proposal is certainly within the bounds 
of practicability. Mr. Lawrence then gave the Committee a 
brief historical sketch of the constitution of the Imperial and 
Provincial Departments of Agriculture in India, with detailed 
information relating to the work carried on in the Bombay 
Presidency. 

Mr. P. J. Mead, Acting Director of Agriculture, Bombay, 
submitted a few supplementary notes to the Committee, in which 
he urged, among other things, the desirability of giving to the 
European experts now in India opportunities of keeping their 
knowledge up-to-date. If they could periodically be granted 
study leave ’’ and could add to their present experience 
of Indian conditions, a knowledge of the best work done at great 
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centres of scientific research, their usefulness would, he consid- 
ered, be greatly increased. 

The evidence of Mr. Moreland was mostly in connec- 
tion with the working of the Co-operative Credit movement in 
India. The only other subject on which he tendered evidence 
was in the matter of the control of agricultural education. He 
stated that its control should be entirely under the Agricultural 
Department, and that the Educational Department should 
merely advise and assist when necessary. He submitted to the 
Committee a Memorandum stating the reasons why the Cawnpore 
Agricultural College was placed under the control of the 
Agricultural Department. 

Perhaps, the most interesting evidence was that given by 
Professor Middleton. He strongly advocated the study of 
practice in agriculture before the completion of the course of 
theoretical study. He stated that what the agricultural student 
wanted was information on which he could depend, and if 
provision could be made for what the agricultural student asked 
for and required, students would be coming forward in increasing 
numbers to acquire that knowledge so that they may utilise it. 
He gave detailed information of his own career to illustrate the 
kind of education which he wished imparted to students. As a 
boy he was brought up upon a farm, his father having been a 
tenant farmer. He received his school education in Edinburgh. 
After leaving' school he went almost as a matter of course to a 
Scotch University. He graduated at the age of 19, and then he 
went back to farming. His intention was to farm in Scotland. 
He had occasion to cany out, in connection with the Highland 
and Agricultural Society, a number of demonstration plots. He 
became very much interested in this type of work, and he saw that 
if he was to get any direct advantage from science as a farmer, 
he must get more first liand information about science. He there- 
fore Avent back to the University of Edinburgh, and found that he 
could noAv learn more in a month than he could previously have 
done in two or three. He then got an after of an appointment in 
India, and the credit of organising tlie Department of Agriculture 



116 


AGRICULTURAL JOURNAL OF INDIA. 


[IV, I. 

in an Indian college, the first of its kind in connection with 
an Indian University, is due to him. After six and a half years’ 
stay in this country, he went back as Lecturer in Agriculture 
to Aberystwyth, where he was for about three years. He went 
from there to the Armstrong Collegej then the Durham College 
of Science, for about three years. He has been for rather more 
than five years Professor of Agriculture in the University of 
Cambridge, and recently took over the appointment of Assistant 
Secretary to the Board of Agriculture and Fishei-ies. Loi’d 
Barnard, who was in the chair, observed that, in his judgment, 
Mr. Middleton’s careei' exactly illustrated tin,’ ty[)t‘ of student 
whose future they ought to have very distinctly f^efore them in 
considering the Report they had to make. 

Prof. Middleton then gave some interesting information 
about the types of agricultural education in a few foreign 
countries which he had seen, and of which he had read. He 
also gave a sketch of the development of the Department of 
Aofriculture at Cambridge. 

Referring to the kingdom of vSa.xony. whi(*li is one of the 
richest agricultural countries in the German Emj)ire, he stated 
that the University of Leipsic had an agricultural department 
where nearly 350 students were studying agriculture during the 
winter and summer terms. There was also a Forest school, m 
V eterinary college, and 15 agricultual schools of varying grades. 
In Prussia, there were five University Departments of Agri- 
culture, two colleges ({uite of University rank, two colleges for 
forestry, 2 Veterinary colleges, and 16 high-class Agricultural 
schools. There were besides 22 lower-gi'ade agricultural schools. 
138 wintei’ schools, and 177 special schools dealing with such 
subjects as dairying, farriery, horticulture and domestic economy. 
The Berlin Institute, he observed, was the finest of its kind in 
Europe, being perfectly equipped for the teaching of agriculture. 
Lt cost the State something like £27,000 a year, and it received 
in fees and from other sources ab(mti'0,000 a year. What struck 
him very much in the type of education prevalent on the 
continent was the cxteiit to which not only Government hut 
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a<»Ticultural societies took up agricultural education and research^ 
Agricultural societies not only subsidised Experimental Sta- 
tions, but they employed teachers, always \vell-(|ualified teachers 
sometimes associated with central institutions, sometimes with 
small local institutions, and sometimes itlnei'ant teachers ^YllO 
went about giving advice to members of the society. These 
teachers, though not “ practiijal ” men in the Englisli sense of the 
term, had got to go through a prolonged course and pass an 
examination, and in Prussia they re(piired at least one years 
a<>*ri culture before they were qualified. In addition to these 
institutions for the teaching of agriculture, there were in Germany 
about 76 Experiment Stations, of which 46 were in Prus.sia and 5 
in Saxony. All the agricultural institutions were connected 
with diflerent states. But there was one institution at 
least for the whole German Empire which was of the greatest 
importance to agriculturists, and that was a new Institute 
established in Berlin for the purpose of investigating the diseases 
of agricultural and forest crops. 

Turnino: to the United States of America, Prof. ^liddleton 
stated that there was first of all a Central Department of Agri- 
culture at Wasliington which wyis partly administrative, but whicli 
existed for the purposes of research. The funds 
available for this Centra] department were oa pi’ a million pounds 
sterling per annum. The Divisions of the United States Depart- 
nient of Agriculture were the Weather Bureau, the Department 
of Animal Industry, the Bureau of Plant Industry, Forest 
Service, Bureau of Soils, Bureau of Cliemistry, Bureau of 
Statisti(;s, Bureau of Entomology :ind the Bureau of Biological 
Survey, the OfHce of Public Roads and the Office of Experiment 
Stations. Tlie last had charge of educational work and publica- 
tions, its most important publication being The Experiment 
Station Eexord, published monthly, which consisted of an abstract 
of all the work on agriculture which had been done in every part 
of the world. His own interest in the Prof, ^[iddleton 

stated, began in India. He used it from the beginning, and 
found it particularly valuable to him, because it brought him 
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into contact with the work in the Southern States of America 
which was similar to the work carried on in India in cotton 
and tobacco ^rowiiio*. Each of the American States, with one 
or two unimportant exceptions, possessed at least two institutions 
for the promotion of agriculture or agricultural education ; 
one was the Land Grant College, and the other the Experiment 
Station. The leading object of the Land Grant College 
was to teach such branches of learning as were related to 
agriculture and the mechanical arts, including engineering, etc. 
The idea was to make them useful as professional colleges for the 
people of the United States. In 1904 , there were 2,700 teachers 
in these Colleges and 56,000 students. Of the students, 5,000 
only were taking a four-years’ course in agriculture, while about 
6,000 were taking shorter courses. These Colleges, recognising 
the fact that the whole subject of agriculture was too wide a 
subject for one n»an, required of the students to specialise from 
the beginning in animal husbandry, or plant husbandry, or some 
other department of agriculture or horticulture. The University, 
and College education of the United States have only become 
successful since the Expeiiinent Stations began their work, and 
since the results of the work permeated the Colleges.* 

Turning to India, Prof. Middleton stated that, during recent 
years, very great progress had been made, as the result of the 
scheme laid down by the Government of India for the expansion 
of the Departments of Agriculture. In pursuance of this policy, 
the Imperial Agricultural Research Institute at Pusa was esta- 
blished and every Province has now an institution for agricultural 
education, in addition to Experiment Stations for research. 
All these were founded and paid for by Government, excepting 
the Tata Institute which was the outcome of private munificence. 

We must conclude this very inadequate review by repeating 
that the volume is full of information of interest to all concerned 
with agricultural education. — (C. S. Raghunatha Rao.) 

* Mow (letailed iniormation about the Land Grant Collogns and tlin !i},/riciiltural work in 
file I nitftd States oi .vilJ be found in Mr. Harwood’s exc.cllruit book, entitled Tht' 

AVrr i'MHh, pubiished by Messrs. Maomillan Co. 
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Untersuchungen uber Nitrifikation. (Inaugural-Dissertation 
Z uR Erlangung der Doktorwurde der hohen philosophis- 
CHEN FakULTAT DER GeORG-AugUSTUS-UnivERSITAT ZU GoT- 
TINGEN— BY LeSLIE C. CoLEMAN.) 

The question of the influence of dissolved organic matter on 
the course of nitrification in soils has been one of the highest in- 
terest ever since Winogradsky Isolated the nitrifying organisms 
in 1890 and showed that they did not require organic matter for 
their development. Nevertheless, remarkably little work has 
been done hitherto in the direction of its elucidation. The thesis 
before us is a contribution to this end and throws most valuable 
light on much that has hitherto been obscure. 

In a paper published in 1899,* Winogradsky and Omelian- 
ski give the results of a number of experiments on the effect of 
dissolved organic substances on nitrification in artificial culture, 
from which they draw the conclusion that all such substances act 
as “ antiseplika ” towards nitrifying bacteria. In spite of its 
general acceptance, it has always been very doubtful whether 
this conclusion could be generally applied in considering what 
goes on in the soil, not only because we know that nitrification 
actually does proceed in soils containing considerable amounts of 
organic matter more or less dissolved in the soil water, but also 
because experiment has shown that the rate at which it proceeds, 
particularly during the first stages after the nitrifyable material 
is added, is more rapid in soils of high humus-content than in 
those in which the humus-content is low.t It has also been 
shown that the physical conditions under which nitrification 
takes place exert a considerable influence on the eflect of dissolv- 
ed organic matter on its progress, and the obvious difference 
between such conditions in artificial culture and in the soil has 
rendered it extremely doubtful whether Winogradsky and Ome- 
lianski s conclusion does not require considerable modification in 
order to be applicable to what occurs in nature. 

*Oentralbl. f. Hakt. Stc., Abt. 11, Bd. V. p. ^9. 

1 " Muntz and Eaine, Compt. Rend. CXLII, lOOt?, p. 4H0. 
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The present author has, therefore, re-examined the whole 
question. In his earlier experiments, samples of soil taken direct 
from the held are treated with known quantities of ammonium 
sulphate and the organic substance under investigation and the 
rate of nitrification in various intervals of time determined and 
compared with precisely similar samples to which no organic 
substance has been added. Later, sterilised soil and sand are 
used as substrata, the necessary amount of ammonium sulphate 
added, and inoculations made with pure cultures of both nitrite 
and nitrate bacteria. The first and chief organic substance exam- 
ined is dextrose. This substance had previously been shown 
by Bazarenski to have a distinct!}^ stimulating effect on nitrifi- 
cation and, therefore, presented itself as particularly interesting 
for investigation. T)r. Coleman shows definitely that dextrose, 
in quantities which, according to Winogradsky and Omeliaiiski, 
stop nitrification entire!}' in culture solution, c.cts very beneficially 
in soil under normal conditions of temperature and moisture. 
This beneficial action is most apparent in the fii'st two or three 
weeks, after which it declines and may eventually appear to he 
transformed into an inhibiting action, but it is shown that this 
apparent inhibition is actually due to denitrification which sets in 
more readily in the soils containing the dissolved organic sul>stance. 
It is also shown that an excess of moisture, and the consequent 
partial or entire lack of aeration favours denitrification to such an 
extent that the beneficial cficct of dextrose on nitrification may 
be entirely nullified even in the early stages. Tt seems clear 
that this accelerated action of denitrifying organisms explains the 
apparent inhibition of nitrification by dissolved organic matter in 
the latter stages of previous experiments in which soils, or 
substances of a similar physical nature, have been used as cub 
turablc substrata, and in the early stages of those experiments 
which have been conducted in liquid culture. 

In the experiments with pure cultures of nitrite and nitrate 
bacteria, these results are confirmed, and it is fui-ther shown tliat 


Hiss. (iottin.Cf'n, CKHL 
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the beneficial action of dextrose is accompanied by a partial or 
complete disappearance of that substance. 

The explanation of this stimulating action of dextrose is 
very fully discussed and examined, but no definite conclusion is 
arrived at. Tn the course of seeking for such explanation, a 
long series of experiments is carried out on the assimilation of 
carbon dioxide from the atmosphere by nitrifying bacteria and it 
is clearl}^ shown that both the nitrate and nitrite organisms 
obtain their carbon initially in this way, but it seems extremely 
probable that in the latter stages it is derived from the CO„ set 
free by the decomposition of the carbonates in the substratum by 
the acid produced. It is shown that dextrose canmU replace the 
CO2 of the atmosphere as a source of carbon and the theory that 
it acts merely as a tonic stimulant (in a similar manner to that in 
which small quantities of poisons react on many forms of life) is 
rendered extremely improbable from the facts that the accelerated 
action is accompanied by a disappearance of the dextrose and that 
other nearly allied organic compounds do not produce a similar 
effect. It is true that the stimulating action might l>e induced 
by a decomposition product of the dextrose, but this is not indi- 
cated by the experiments on the action of calcium acetate and buty- 
rate which the author describes, and it is difficult to imagine how 
such decomposition could take place in pure cultures. In this 
c(jiinection some experiments with alcohols and other compounds 
whicli are presumably intermediary l)etween dextrose and the acid 
salts should be well worth making. 

It is remarkable tliat both cane-sugar and lactose appear to 
have very little action on nitrification when added to soil. As 
Dr. Coleman points out. if the beneticial action of dextrose were 
due to its products of decomi)osition, we should expect a similar 
action from cane-sugar ; and the same thing might be anticipated 
Irotn lactose but if, on the other hand, the sugars are inverted 
by micro-organisms, as the author surmises in the case of 
cane-sugar, surely we should expect the dextrose produced 
to exert the same action as it does when added dii'cct to 
the soil. 
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Xone of the other non- nitrogenous organic substances experi- 
mented witli seem to have any very appreciable action on the 
course of nitrification, whilst the nitrogenous ones have a dis- 
tinctly inhildtory effect. 

Asa result of these considerations Di’. Coleman inclines to 
the opinion that dextrose acts as a source ot“ energy to the nitrify- 
ing bacteria, which energy is expended in carrying out the oxida- 
tion of ammonia or nitrates as the case may be. But it is clear 
that much more work is required on the subject before a definite 
view can be expressed. 

If dextrose acts merely as a source of energy to the nitrify- 
ing bacteria, other six-carbon sugars should have the same effect, 
and it would be of value in this connection to trace the action of 
levulose on nitrification in order to determine if the configuration 
of the dextiose molecule is of any specific importance iu the 
matter. An elfort should Ije made too to trace the (changes which 
dextrose undergoes during the nitrification process : difficult 
though the task might be, owing to the small amounts of dextrose 
dealt with, it should not be unsur mountable if sufficiently large 
quantities of sand or soil are taken to start witli. 

At the conclusion of his paper, D\\ Coleman records some 
experiments on the Influence of carbon disulphide on nitrification 
in soils. He finds, as others had found previously, that this sub- 
stance at first leads to inhibition, but at later stao-es to a consider- 
able acceleration of nitrification, and he ascribes the action to a 
direct stimulation of the nitrifvino- bacteria. 

This matter is of particular interest in connection with the 
increase in fertility which has been shown l>v several invest! <^^‘ators 
to take place in soils treated with CS^ and other antiseptics. It 
would be of the highest interest to determine whether this increase 
in fertility is connected with a direct stimulation of the nitrify- 
ing bacteria or with the suppression of foreign bacteria in the soil 
to the advantage of those favouring fertility, perhaps the nitrify- 
ing organisms. In either case the increased oxygen absorption 
which Darbishire and Russell^ have shown to accompany this 

* .Iniiriujl (if AjiritMiitiiral Scioittf, Vnl, II. p ■ii!5. 



REVIEWS. 


123 


increase in fertility would presumably be apparent, but seiies of 
experiments on the action of antiseptics on nitrifying organisms 
in pure culture carried out in sterilised soil or sand should throw 
some light on the point. 

It is extremely difficult to do justice to so detailed and excel- 
lent a piece of work as this of I)r, Coleman’s in a short review. 
It is a type of what such work should be, lucid and full of sugges- 
tion for further investigation. It does the highest credit not 
only to its author but also to the German University system which 
makes the production of so valuable a contribution to knowledge 
incidental on the award of a degree.— (C. J. Bergthetl.) 

¥ 

* ¥ 

Axnual Report of the Empress and Bund Gardens, Poona, 

FOR THE YEAR 1907 - 8 . 

In the rear uiidei* report the management of the Gardens 
continued to be efficient. The seed business was quite as exten- 
sive as in former years and the benefit of this trade extends to 
many parts of India. A number of new plants of economic and 
botanic interest were added to the stock of these gardens. 

The fruit tree did not yield so well as in some former years 
owing to an unhivourable season. Over 400 new vines were 
planted. Vegetables are grown on a large scale. 

The report under notice makes prominent mention of the 
successful use of the following remedies recommended by the 
Imperial Entomologist and Mycologist for the treatment of 
garden pests : — (1) Bordeaux mixture for checking tlie white fun- 
goid disease of oranges and limes ; (2) Kei’osine emulsion, soot 
and tobacco decoction for destroying cochehafers and caterpillars 
of various kinds ; and (3) tobacco powder for killing a kind of 
slugs that were eating up the bulbs of Eucharis lilies. 

The experimental Botanical section is progressing well. 
The accounts for the year under report show a deficit of Rs. 116- 
12-11, but it is covered by the last year’s balance of Rs. 2,493-7-4. — ' 
(Editor). 
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No. G. Ticks Infesting Domesticat/d -\tiiinals in India by C. W’’AHBFKTr>x, m.a,, Zooloj;iM 
to the Royal A^ndcultural Society of ICna'l-Mid. Price, As. I or Gd. 

Nm 7. A Preliminary Account of the Bitiini Flies of Indi.i by H. M. Lkfkov, M.a. , f.k.s,. 

F.Z.R., Imperial ICutomoloRdsl. Pidcc, Kc. 1 or l.y. GrL 
No. S. Otlicial aitd I Immmmended Methods for n.sc in (biemical Laboratories of the Depart 
incut of A^'riculture in India by .). Waktkr Lkatiikk, idi.n., f.i c., f.c.s.. 
Imperial Ajii’icultural Cliemisi . Pri(‘e, As. 4 or Gd. 

No. 9. Report on Cocoanut Palm Disease in Ti'avancore by Di'. E. J. Bftj.kk, m.i:, 
F.L.a., Impei'ial Mycolnp;ist. Price, As. G or (id. 

No. 10. TrcHtmetif and Cb.^ervation of Crop Posts on the Pima Farm by H. M. LkFKov, 
M.A., F.E..S.. F.Z.8., Imperial Entomolot,dst ; and C. S. AIisi; v, ibdee, As. G or Td. 

No. 11. On Flax Dodder Ijy A. HowARtR m.a., a.r.c.s., f.o.?., f, b.s, Imperial Economic 
Uotanist. Price, A.s. 4 or Gd. 

No. 12. The Making and Care of Lawns in I?ulia hy A. Howahu, m.a., a.h.c.s., f r.s,, F.b.s,. 

Imperial Economic Botanist. Price, As. 4 cr bib 
No. 18, Su^i'arcane at the Pai'tab;;arb Experiment Station by C. Clark K, f.i.c,, Ac'ricultnral 
Chemist, United Provinces ; and Khan Bahadur S, M. Hadi, M.K.a.f., M.K.A.s.. 
Assistant Director of Ayricnlturc, United Provinces, Price, As. 4 or Gd. 

No. 14. The iMiUin^f and Bakin;: Qualities of Indian Wheats liy A. HowArRO, M.A.. 
A.R.r.s., F.c.s., F.L.S., and (Librielle L. C. Howaiid, m.d. ih-ice, As. 4 or Gd. 

' TEXT BOOKS. 

“ Indian Insect Pests” by H. M. Lffhoy, M.a., f.k.s,, f.z.s. Price, Re. l-S. 




